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TRANSFERASE ° ERIVATIVES AND THEIR USE ^ INHIBIT0RS 0F PROTEIN FARNESYL 



This is a continuation-in-part of U.S. patent application Serial No. 
10 08/564,836, filed November 29, 1995 which is a continuation-in-part of U.S. 
patent application Serial No. 08/433,718, filed May 3, 1995. 



Technical Field 

15 The present invention relates to substituted benzoic acids which are 

useful in inhibiting protein farnesyltransferase and the farnesylation of the 
oncogene protein Ras, compositions containing such compounds and to 
methods of using such compounds. 

20 Background of the Invention 

Transformed protein Ras is involved in the proliferation of cancer cells. 
The Ras must be farnesylated before this proliferation can occur. Farnesylation 
of Ras by famesyl pyrophosphate (FPP) is effected by protein 
farnesyltransferase. Inhibition of protein farnesyltransferase and, thereby, of 

25 farnesylation of the Ras protein, blocks the ability of transformed cells to 
proliferate. 

Activation of Ras also partially mediates smooth muscle cell proliferation 
(Circulation, I-3: 88 (1993). Inhibition of protein farnesyltransferase and, 
thereby, of farnesylation of the Ras protein, will also aid in the prevention of 
30 restenosis. 
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Transformed protein Ras is involved in the proliferation of cancer cells. 
The Ras, must be farnesylated before this proliferation can occur. Farnesylation 
of Ras by famesyl pyrophosphate (FPP) is effected by protein 
farnesyltransferase. Inhibition of protein famesyltransferase and, thereby, of 
5 farnesylation of the Ras protein, blocks the ability of transformed cells to 
proliferate. 

Activation of Ras also partially mediates smooth muscle cell proliferation 
(Circulation, 1-3: 88 (1993). Inhibition of protein famesyltransferase and, 
thereby, of farnesylation of the Ras protein, would aid in the prevention of 
10 restenosis. 

Inhibition of squalene synthetase also results in the inhibition of fungal 
growth. 



Disclosure of the Invention 

15 In accordance with the present invention there are provided substituted 

cyclobutanes of formula (I): 



Blv Vn^ B2 
(I) 

20 

wherein 

A 1 and A 2 are independently selected from 

(1) -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is 

independently selected from (a) a covalent bond, (b) -CH 2 -, 

25 (c) -0-, (d) -S- and (e) -N(R a )- wherein R a is hydrogen, 

loweralkyl, cycloalkyl or cycloalkylalkyl and at each occurrence 
G is independently selected from -R 2 , -N(R 1 )(R 2 ), -OR 2 and -SR 2 
wherein at each occurrence R t is independently selected from 
(a) hydrogen, (b) loweralkyl, (c) alkenyl, (d) alkynyl, 

30 (e) cycloalkyl, (f) cycloalkylalkyl, (g) alkoxycarbonylalkyl, 

(h) alkoxyalkyl, (i) thioalkoxyalkyl, Q) haloalkyl, (k) aryl, 
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(I) heterocyclic, (m) arylalkyl, (n) aryl-substituted cycloalkylakyl, 

(0) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyl 
and (q) aryl, heterocyclic, arylalkyl, aryl-substituted 
cycloalkylalkyl, (heterocyclic)alkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the 
arylalkyl group, the aryl part of the aryl-substituted 
cycloalkylalkyl, the heterocyclic group, the heterocyclic part of 
the (heterocyclic)alkyl group or the heterocyclic part of the 
heterocyclic-substituted cycloalkylalkyl group is substituted 
with -Y-R 3 wherein at each occurrence Y is independently 
selected from (i) a covalent bond, (ii) -C(O)-, (iii) -CH 2 -, (iv) -0-, 
(v) -S(0) m - wherein m is 0, 1 or 2, (vi) -N(R b )- wherein R b is 
hydrogen or loweralkyl, (vii) -CH 2 0-, (viii) -CH 2 S(0) m - wherein 
m is 0, 1 or 2, and (ix) -CH 2 N(R b )- wherein R b is hydrogen or 
loweralkyl and at each occurrence R 3 is independently selected 
from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, 

(v) heterocyclic and (vi) (heterocyclic)alkyl and at each 
occurrence R 2 is independently selected from 

(1) alkenyl, (ii) alkynyl, (iii) aryl, (iv) arylalkyl, (v) arylalkenyl, 

(vi) heterocyclic, (vii) (heterocyclic)alkyl and (viii) aryl, 
heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl 
group, the aryl part of the arylalkyl group, the heterocyclic group 
or the heterocyclic part of the (heterocyclic)alkyl group is - 
substituted with -Z-R 4 wherein at each occurrence 2 is 

independently selected from (i) a covalent bond, (ii) -C(O)-, 
(iii) -CH 2 -, (iv) -0-, (v) -S(0) p - wherein p is 0, 1 or 2, (vi) -N(Fg- 
wherein R c is hydrogen or loweralkyl, (vii) -CH 2 0-, 
(viii) -CH 2 S(0) p - wherein p is 0, 1 or 2 and (ix) -CH 2 N(R C )- 
wherein R c is hydrogen or loweralkyl and at each occurrence 
R 4 is independently selected from (i) aryl, (ii) arylalkyl, 
(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 
(vi) (heterocyclic)alkyl and 
(2) -(CH 2 ) q -N(R 1 (R 2 ) wherein q is 0, 1 or 2 and at each occurrence R., 
and R 2 are independently defined as above; and 
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B 1 and B 2 are independently selected from 

(1 ) -CH 2 OH or -CH 2 CH 2 OH, 

(2) -CH=NOH, -CHO or-CH 2 CHO, 

(3) -W-R 5 wherein at each occurrence W is independently 

selected from (a) a covalent bond, (b) alkylene, 

(c) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and 

R 5 is independently selected from 

(a) 5-tetrazolyl, 



(b) 



^ H 



10 (c) wherein R27 is -CN.-N02, or 

-CO2R28 wherein R28 is hydrogen, aryl or 
loweralkyl, 
o 



NH 



(d) u wherein at each occurrence R29 
is selected from hydrogen and loweralkyl, 

15 (e) 0 wherein R29 is as defined above, 

Ffei o 

(f) 0 wherein at each occurrence 

R31 is selected from hydrogen, loweralkyl, 
alkenyl, alkoxyalkyl and benzyl, 
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C n 

b \ ^ 

A 

(4) m °. 

(5) -Q-C(0)R 6 wherein at each occurrence Q is independently 

selected from (a) a covalent bond, (b) alkylene, 

(c) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH 2 ) r - 

5 wherein r is 0 to 4 and at each occurrence R 6 is 

independently selected from (a) -OR 7 wherein R 7 is 
hydrogen or a carboxy-protecting group, (b) -NH 2 , 
(c) -NHOH, (d) -NHS0 2 CF 3 (e) an alpha-amino acid or 
a beta-amino acid which is bonded via the alpha- or beta- 

10 amino group and (f) a di-, tri- or tetra-peptide which is 

bonded via the amino terminal amino group, 

(6) -CH2-N(OH)-C(0)-R25 wherein R25 is hydrogen, methyl or 

trifluoromethyl, and 

(7) -C(0)-NH-S(0)2-R26 wherein R26 is aryl, heterocyclic, 
15 arylalkyl, (heterocyclic)alkyl, C3-C7-cycloalkyl, 

Ci-C8-alkyl or perfluoro-Ci-C4-alkyl, 

or a pharmaceutical acceptable salt thereof. 
20 Preferred compounds of the invention are compounds of formula (II): 



(«) 

wherein A 1f A 2 , B 1 and B 2 are defined as above; 
25 or a pharmaceutical^ acceptable salt thereof. 



Preferred compounds of the invention are compounds of formula (I) or 
(II) wherein A 1 and A 2 are independently selected from -C(0)-G wherein G is 
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defined as above and B 1 and B 2 are independently selected from (a) -W-R5 
wherein W is a covalent bond or alkylene and R5 is 5-tetrazolyl or 



(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected from a 
covalent bond and alkylene and at each occurrence R 6 is independently 
10 selected from (1) -OR 7 wherein R 7 is hydrogen or a carboxy-protecting group, 
(2) an alpha-amino acid or a beta-amino acid which is bonded via the alpha- 
or beta-amino group and (3) a di-, tri- or tetra-peptide which is bonded via the 
amino terminal amino group. 

15 More preferred compounds of the invention are compounds of formula 

(I) or (II) wherein A 1 and A 2 are independently selected from -C(0)-G wherein 
G is -N(Ri)(R2) wherein R1 and R2 are as defined above and B 1 and Bg are 
independently selected from (a) -W-R5 wherein W is a covalent bond or 
alkylene and R5 is 5-tetrazolyl or 



o 




5 



(b) 




and 



20 



o 
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C H 



(b) 



HO 



and 



(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected from a 
covalent bond and alkylene and at each occurrence R 6 is independently 
5 selected from (1) -OR 7 wherein R 7 is hydrogen or a carboxy-protecting group, 

(2) an alpha-amino acid or a beta-amino acid which is bonded via the alpha- 
or beta-amino group and 

(3) a di-, tri- or tetra-peptide which is bonded via the amino terminal amino 
group, 

0 

Even more preferred compounds of the invention are compounds of 
formula (I) or (II) wherein A 1 and A 2 are independently selected from -C(0)-G 
wherein G is -N(R 1 )(R 2 ) wherein at each occurrence R 1 is independently 
selected from (a) hydrogen, (b) loweralkyl, (c) cycloalkyl, (d) cycloalkylalkyl, 

5 (e) alkoxyalkyl, (f) thioalkoxyalkyl, (g) aryl, (h) heterocyclic, (i) arylalkyl, 
(j) (heterocyclic)alkyl, (k) aryl-substituted cycloalkylalkyl, (I) heterocyclic- 
substituted cycloalkylalkyl and (m) aryl, heterocyclic, arylalkyl, 
(heterocyclic)alkyl, aryl-substituted cycloalkylalkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the arylalkyl group, the 

!0 aryl part of aryl-substituted cycloalkylalkyl, theheterocyclic group, the 
heterocyclic part of the (heterocyclic)alkyl group or the heterocyclic part of 
heterocyclic-substituted cycloalkylalkyl group is substituted with -Y-R 3 wherein 

at each occurrence Y is independently selected from (i) -0-, 
(ii) -S(0) m - wherein m is 0, 1 or 2 and (iii) -N(R b )- wherein R b is hydrogen or 
5 loweralkyl and at each occurrence R 3 is independently selected from (i) aryl, 

(ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 

(vi) (heterocyclic)alkyl and at each occurrence R 2 is independently selected 

from aryl, heterocyclic, arylalkyl and (heterocyclic)alkyl wherein the aryl group, 
aryl part of the arylalkyl group, heterocyclic group or heterocyclic part of the 
\0 (heterocyclic)alkyl group is substituted with -Z-R 4 wherein at each occurrence 
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Z is independently selected from (i) -0-, (ii) -S(0) p - wherein p is 0, 1 or 2 and 
(iii) -NfFy- wherein R c is hydrogen or loweralkyl and at each occurrence R 4 is 
independently selected from (i) aryl, (ii) arylalkyl, 

(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and (vi) (heterocyclic)alkyl 
and B 1 and B 2 are independently selected from (a) -W-R 5 wherein W is a 
covalent bond or alkylene and R5 is 5-tetrazolyl or 



t H 



10 (b) 



HO 



and 



15 



(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected from a 
covalent bond and alkylene and at each occurrence R 6 is independently 
selected from (1) -OR 7 wherein R 7 is hydrogen or a carboxy-protecting group, 
(2) an alpha-amino acid or a beta-amino acid which is bonded via the alpha- 
or beta-amino group and (3) a di-, tri- or tetra-peptide which is bonded via the 
amino terminal amino group. 



20 



25 



Yet even more preferred compounds of the invention are compounds of 
formula (I) or (II) wherein A 1 and ^ are independently selected from -C(0)-G 
wherein G is -N(R 1 )(R 2 ) wherein at each occurrence R 1 is independently 
selected from (a) loweralkyl, (b) cycloalkyl and 

(c) cycloalkylalkyl and at each occurrence R 2 is independently selected from 
aryl and arylalkyl wherein the aryl group or aryl part of the arylalkyl group is 
substituted with -Z-R 4 wherein at each occurrence Z is independently selected 
from (i) -O- and (ii) -S- and at each occurrence R 4 is independently selected 
from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, 



WO 96/34850 



PCT/US96/06156 



-10- 



10 



15 



20 



(v) heterocyclic and (vi) (heterocyclic)alkyl and B 1 and B 2 are independently 
selected from -Q-CfOJ-Rg , -W-R5 and 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
protecting group and R5 is 5-tetrazolyl or 



Most preferred compounds of the invention are compounds of formula 
(I) or (II) wherein A 1 and A 2 are independently selected from -C(0)-G wherein 
G is -N(R 1 )(R 2 ) wherein at each occurrence R 1 is independently selected from 
(a) loweralkyl, (b) cycloalkyl and (c) cycloalkylalkyl and at each occurrence R 2 
is independently selected from phenyl and benzyl wherein the phenyl group 
or the phenyl ring of the benzyl group is substituted with -Z-R 4 wherein at each 
occurrence Z is independently selected from (i) -O- and (ii) -S- and at each 
occurrence R 4 is independently selected from (i) aryl, (ii) arylalkyl, (iii) 
heterocyclic and (iv) (heterocyclic)alkyl and B 1 and B 2 are independently 
selected from -Q-C(0)-R 6 , -W-R5 and 




o 



o 
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wherein at each occurrence Q and W are independently selected from a 
covalent pond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
protecting group and R5 is 5-tetrazolyl or 



o 




10 



15 



Most highly preferred compounds of the invention are compounds of 
formula (I) or (II) wherein A 1 and A 2 are independently selected from -C(0)-G 
wherein G is -N(R 1 )(R 2 ) wherein at each occurrence R 1 is independently 
selected from (a) loweralkyl, (b) cycloalkyl and (c) cycloalkylalkyl and R 2 is 
benzyl wherein the phenyl ring of the benzyl group is substituted with -Z-R 4 

wherein at each occurrence Z is independently selected from (i) -O- and 
(ii) -S- and R 4 is aryl and B 1 and B 2 are independently selected from 
-Q-CfOHV -W-R 5 and 



c H 



HO 



wherein at each occurrence Q and W are independently selected from a 
20 covalent bond and alkylene, R$ is -OR 7 wherein R 7 is hydrogen or a carboxy- 

protecting group and R5 is 5-tetrazolyl or 
o 
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Other most highly preferred compounds of the invention are 
compounds of formula (I) or (II) wherein A 1 and A 2 are independently selected 
from -C(0)-G wherein G is -N(R 1 )(R 2 ) wherein at each occurrence R 1 is (a) 
loweralkyl, (b) cycloalkyl and (c) cycloalkylalkyl and R 2 is benzyl wherein the 
phenyl ring of the benzyl group is substituted with -Z-R 4 wherein at each 
occurrence Z is independently selected from (i) -O- and (ii) -S- and R 4 is 
heterocyclic and B 1 and B 2 are independently selected from -Q-C(0)-Rg , 
-W-R 5 and 



10 



HO 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
15 protecting group and R 5 is 5-tetrazolyl or 



o 




Another aspect of this invention relates to the use of compounds of 
20 the formula: 

Bl \^ , X \B 2 

("I) (IV) 

25 wherein 
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A 1 and are independently selected from 

-X-C(0)-G or -X-C(S)-G wherein at each occurrence X is 

independently selected from (a) a covalent bond, (b) -CH 2 -, 
(c) -0-, (d) -S- and (e) -N(R a )- wherein R a is hydrogen, 

loweralkyl, cycloalkyl or cycloalkylalkyl and at each occurrence 
G is independently selected from -R2, -N(R 1 )(R 2 ), -OR 2 and -SR 2 
wherein at each occurrence R 1 is independently selected from 
(a) hydrogen, (b) loweralkyl, (c) alkenyl, (d) alkynyl, 
(e) cycloalkyl, (f) cycloalkylalkyl, (g) alkoxycarbonylalkyl, 

(h) alkoxyalkyl, (i) thioalkoxyalkyl, fl) haloalkyl, (k) aryl, 

(I) heterocyclic, (m) arylalkyl, (n) aryl-substituted cycloalkylakyl, 
(o) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyl 
and (q) aryl, heterocyclic, arylalkyl, aryl-substituted 
cycloalkylalkyl, (heterocyclic)alkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the 
arylalkyl group, the aryl part of the aryl-substituted 
cycloalkylalkyl, the heterocyclic group, the heterocyclic part of 
the (heterocyclic)alkyl group or the heterocyclic part of the 
heterocyclic-substituted cycloalkylalkyl group is substituted 
with -Y-R 3 wherein at each occurrence Y is independently 
selected from (i) a covalent bond, (ii) -C(O)-, (iii) -CH 2 -, (iv) -0-, 
(v) -S(0) m - wherein m is 0, 1 or 2, (vi) -N(R b )- wherein R b is 
hydrogen or loweralkyl, (vii) -CH 2 0-, (viii) -CH 2 S(0) m - wherein 
m is 0, 1 or 2, and (ix) -CH 2 N(R b )- wherein R b is hydrogen or 
loweralkyl and at each occurrence R 3 is independently selected 
from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, 

(v) heterocyclic and (vi) (heterocyclic)alkyl and at each 
occurrence R 2 is independently selected from 

(i) alkenyl, (ii) alkynyl, (iii) aryl, (iv) arylalkyl, (v) arylalkenyl, 

(vi) heterocyclic, (vii) (heterocycIic)alkyl and (viii) aryl, 
heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl 
group, the aryl part of the arylalkyl group, the heterocyclic group 
or the heterocyclic part of the (heterocyclic)alkyl group is 
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substituted with -Z-R 4 wherein at each occurrence 2 is 

independently selected from (i) a covalent bond, (ii) -C(O)-, 
(iii) -CH 2 -, (iv) -0-, (v) -S(0) p - wherein p is 0, 1 or 2, (vi) -N(R C )- 
wherein R c is hydrogen or loweralkyl, (vii) -CH 2 0- f 
(viii) -CH 2 S(0) p - wherein p is 0, 1 or 2 and (ix) -CH 2 N(R C )- 
wherein R c is hydrogen or loweralkyl and at each occurrence 
R 4 is independently selected from (i) aryl, (ii) arylalkyl, 
(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 
(vi) (heterocyclic)alky; and 
B 1 and B 2 are independently selected from 

(1) -CH 2 OH or-CH 2 CH 2 OH, 

(2) -CH=NOH, -CHO or-CH 2 CHO, 

(3) -W-R 5 wherein at each occurrence W is independently 



selected from (a) a covalent bond, (b) alkylene, 

(c) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and 

R 5 is independently selected from 



(a) 5-tetrazolyI, 




(c) 



^ wherein R27 is -CN, -NO2, or 
-CO2R28 wherein R28 is hydrogen, aryl or 
loweralkyl, 




wherein at each occurrence R29 
is selected from hydrogen and loweralkyl, 
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(e) 0 wherein R29 is as defined above, 




(f) 0 wherein at each occurrence 

R31 is selected from hydrogen, loweralkyl, 
alkenyl, alkoxyalkyl and benzyl, 



5 




o 

I NH 

(k) 0 



K 
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O 



(0 




OH 



(m) 



OH 



and 



(n) 




(4) 




(5) -Q-C(0)R 6 wherein at each occurrence Q is independently 

selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH 2 ) r - 
wherein r is 0 to 4 and at each occurrence R 6 is 
independently selected from (a) -OR 7 wherein R 7 is 
hydrogen or a carboxy-protecting group, (b) -NH 2 , 
(c) -NHOH, (d) -NHS0 2 CF 3 (e) an alpha-amino acid or 
a beta-amino acid which is bonded via the alpha- or beta- 
amino group and (f) a di-, tri- or tetra-peptide which is 
bonded via the amino terminal amino group, 

(6) -CH 2 -N(OH)-C(0)-R 2 5 wherein R 2 s is hydrogen, methyl or 

trifluoromethyl, and 

(7) -C(0)-NH-S(0) 2 -R26 wherein R 2 6 is aryl, heterocyclic, 

arylalkyl, (heterocyclic)alkyl, C 3 -C 7 -cycloalkyl, 
Ci-C 8 -alkyl or perfluoro-C-i-C^alkyl, 



20 



or a pharmaceutical^ acceptable salt thereof; 
as inhibitors of protein famesyltransferase. 
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Preferred inhibitors of protein farnesyltransferase are compounds of 
formula (III) or (IV) wherein 

Ai and A2 are independently -C(0)-NRiR2 
5 wherein at each occurrence R 1 is independently selected from 

(k) aryl, (I) heterocyclic, (m) arylalkyl, (n) aryl-substituted 
cycloalkylakyl, (o) (heterocyclic)alkyl, (p) heterocyclic-substituted 
cycloalkylalkyl and (q) aryl, heterocyclic, arylalkyl, 
aryl-substituted cycloalkylalkyl, (heterocyclic)alkyl or 
heterocyclic-substituted cycloalkylalkyl wherein the aryl group, 
the aryl part of the arylalkyl group, the aryl part of the 
aryl-substituted cycloalkylalkyl, the heterocyclic group, the 
heterocyclic part of the (heterocyclic)alkyl group or the 
heterocyclic part of the heterocyclic-substituted cycloalkylalkyl 
group is substituted with -Y-R 3 wherein at each occurrence Y is 

independently selected from (i) a covalent bond, (ii) -C(O)-, 
(iii) -CH 2 -, (iv) -0-, (v) -S(0) m - wherein m is 0, 1 or 2, (vi) -N(R b )- 
wherein R b is hydrogen or loweralkyl, (vii) -CH 2 0-, 
(viii) -CH 2 S(0) m - wherein m is 0, 1 or 2, and (ix) -CH 2 N(R b )- 
wherein R b is hydrogen or loweralkyl and at each occurrence 
R 3 is independently selected from (i) aryl, (ii) arylalkyl, 
(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 
(vi) (heterocyclic)alkyl, and at each occurrence 
R 2 is independently selected from arylalkyl and 

(heterocyclic)alkyl; and 
B 1 and B 2 are independently selected from 

(1) -W-R 5 wherein at each occurrence W is independently 
selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and 
R 5 is 5-tetrazolyl, ^ 

(2) -Q-C(0)R 6 wherein at each occurrence Q is independently 

selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH 2 ) r - 
wherein r is 0 to 4 and at each occurrence R 6 is 
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independently selected from (a) -OR 7 wherein R 7 is 
hydrogen or a carboxy-protecting group, (b) -NH 2 , 
(c) -NHOH, (d) -NHS0 2 CF 3 (e) an alpha-amino acid or 
a beta-amino acid which is bonded via the alpha- or beta- 
5 amino group and (f) a di-, tri- or tetra-peptide which is 

bonded via the amino terminal amino group, and 
(3) -C(0)-NH-S(0) 2 -R 2 6 wherein R 26 is aryl, heterocyclic, 
arylalkyl, (heterocyclic)alkyl, C 3 -C7-cycloalkyl, 
Ci-Cs-alkyl or perfluoro-C^C^alkyl, 

10 

or a pharmaceutically acceptable salt thereof. 

The present invention also relates to processes for preparing the 

15 compounds of formula (I), (II), (III) or (IV) and to the synthetic 
intermediates useful in such processes. 

In a further aspect of the present invention are disclosed 
pharmaceutical compositions which comprise a compound of the present 
invention in combination with a pharmaceutically acceptable carrier. 

20 in yet another aspect of the present invention are disclosed 

pharmaceutical compositions which comprise a compound of the present 
invention in combination with another antihyperlipoproteinemic agent 
and/or with one or more other serum cholesterol lowering agents or HMG 
CoA reductase inhibitors and a pharmaceutically acceptable carrier. 

25 In yet another aspect of the present invention are disclosed 

pharmaceutical compositions which comprise a compound of the present 
invention in combination with another chemotherapeutic agent and a 
pharmaceutically acceptable carrier. 

In yet another aspect of the present invention is disclosed a 

JO method for inhibiting squalene synthase in a human or lower mammal, 
comprising administering to the patient a therapeutically effective amount 
of a compound of the invention. 
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In yet another aspect of the present invention is disclosed a 
method for inhibiting or treating atherosclerosis or inhibiting or treating 
hyperlipidemia which would inhibit the development of atherosclerosis in 
a human or lower mammal, comprising administering to the patient a 
5 therapeutically effective amount of a compound of the invention alone or 
in combination with another cardiovascular agent. 

Also disclosed is a method of treating fungal infections in a human 
or lower mammal, comprising administering to the patient a 
therapeutically effective amount of a compound of the invention. 
10 In yet another aspect of the present invention is disclosed a 

method for inhibiting protein famesyltransferase in a human or lower 
mammal, comprising administering to the patient a therapeutically 
effective amount of a compound of the invention. 

In yet another aspect of the present invention is disclosed a 
15 method for inhibiting or treating cancer in a human or lower mammal, 
comprising administering to the patient a therapeutically effective amount 
of a compound of the invention alone or in combination with another 
chemotherapeutic agent 

In yet another aspect of the present invention is disclosed a 
20 method of preventing restenosis in a human or lower mammal, 

comprising administering to the patient a therapeutically effective amount 
of a compound of the invention. 

The compounds of the invention comprise asymmetrically 
25 substituted carbon atoms. As a result, all stereoisomers of the 

compounds of the invention are meant to be included in the invention, 
including racemic mixtures, mixtures of diastereomers, as well as single 
diastereomers of the compounds of the invention. The terms "S a and "R" 
configuration, as used herein, are as defined by the IUPAC 1974 
30 Recommendations for Section E, Fundamental Stereochemistry, Pure 
Appl. Chem. (1976) 45, 13-30. 

The terms a and p are employed to describe relative orientation for 
ring substituents on cyclic compounds, i.e., substituted cyclbbutanes in 
the present invention. The a-side of the reference plane (the plane 
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10 



30 



formed by the cyclobutane ring) is that side on which the highest ranking 
substituent (according to the Cahn-lngold-Prelog Sequence Rule) lies at 
the lowest-numbered stereogenic carbon atom. All substituents lying on 
the same side of the reference plane as the highest-ranking substituent 
are assigned an a descriptor. Those substituents lying on the opposite 
side of the reference plane are assigned a p descriptor. It should be 
noted that this usage does not describe absolute configuration. The 
terms a and p configuration, as used herein, are as defined by the 
Chemical Abstracts Index Guide-Appendix IV (1987) H 203. 



The term "oc-amino acid" or "alpha-amino acid" refers to an a- 
amino acid selected from the group consisting of alanine, arginine, 
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, 
histidine, isoleucine, leucine, lysine, methionine, norleucine, ornithine, 

15 phenylalanine, proline, sarcosine, serine, threonine, tryptophan, tyrosine 
and valine. The stereochemistry at the asymmetric center can be of the 
D- or L- configuration. 

The term "P-amino acid" or "beta-amino acid" refers to an amino 
acid wherein the amino group is p to the carboxylic acid functionality. 

20 Examples of p-amino acids include p-alanine, p-phenylalanine and the 
like. 

The term "dipeptide" as used herein refers to AAi-AA 2 wherein AAt and 
AA 2 are independently selected from a- and P-amino acids as described above 
coupled together by an amide bond (-C(O)-NH-) between the carboxy terminus 
25 of AA1 and the amino terminus of AA 2 . Examples of dipeptides include H- 
Glycyl-Alanine-OH, 

H-Glycyl-p-Alanine-OH, H-Leucyl-Glycine-OH and the like. 

The term -tripeptide" as used herein refers to AA1-AA2-AA3 wherein AA1 
AA 2 and AA3 are independently selected from a- and 
P-amino acids as described above coupled together by amide bonds 
(-C(O)-NH-) between the carboxy terminus of AA1 and the amino terminus of 
AA 2 and the carboxy terminus of AA 2 and the amino terminus of AA3. Examples 
of tripeptides include H-Glycyl-Alanyl-Leucine-OH, 
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H-Glycyl-p-Alanyl-Sarcosine-OH, H-Leucyl-Glycyl-Alanine-OH and the like. 

The term "tetrapeptide" as used herein refers to 
AA1-AA2-AA3-AA4 wherein AAi, AA2, AA3 and AA4 are independently selected 
from a- and p-amino acids as described above coupled together by amide 

5 bonds (-C(O)-NH-) between the carboxy terminus of AA1 and the amino 
terminus of AA2, the carboxy terminus of AA2 and the amino terminus of AA3, 
and the carboxy terminus of AA3 and the amino terminus of AA4. 

The term "carboxy protecting group" as used herein refers to a carboxylic 
acid protecting ester group employed to block or protect the carboxylic acid 

0 functionality while the reactions involving other functional sites of the compound 
are carried out. Carboxy-protecting groups are disclosed in Greene, "Protective 
Groups in Organic Synthesis" pp. 152-186 (1981), which is hereby incorporated 
herein by reference. In addition, a carboxy-protecting group can be used as a 
prodrug whereby the carboxy-protecting group can be readily cleaved in vivo , 

5 for example by enzymatic hydrolysis, to release the biologically active parent. T. 
Higuchi and V. Stella provide a thorough discussion of the prodrug concept in 
"Pro-drugs as Novel Delivery Systems", Vol 14 of the A.C.S. Symposium 
Series, American Chemical Society (1975), which is hereby incorporated herein 
by reference. Such carboxy-protecting groups are well known to those skilled in 

0 the art, having been extensively used in the protection of carboxyl groups in the 
penicillin and cephalosporin fields, as described in U.S. Pat. No. 3,840,556 and 
3,719,667, the disclosures of which are hereby incorporated herein by 
reference. Examples of esters useful as prodrugs for compounds containing 
carboxyl groups can be found on pages 14-21 of "Bioreversible Carriers in Drug 

5 Design: Theory and Application", edited by E.B. Roche, Pergamon Press, New 
York (1987), which is hereby incorporated herein by reference. Representative 
carboxy protecting groups are C1 to Cs loweralkyl (e.g., methyl, ethyl or tertiary 
butyl and the like); arylalkyl, for example, phenethyl or benzyl and substituted 
derivatives thereof such as alkoxybenzyl or nitrobenzyl groups and the like; 

0 arylalkenyl, for example, phenylethenyl and the like; aryl and substituted 

derivatives thereof, for example, 5-indanyl and the like; dialkylaminoalkyl (e.g., 
dimethylaminoethyl and the like); alkanoyloxyalkyl groups such- as 
acetoxymethyl, butyryloxymethyl, valeryloxymethyl, isobutyryloxymethyl, 
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isovaleryloxymethyl, 1-(propionyloxy)-1 -ethyl, 1-(pivaloyloxyl)-1 -ethyl, 1-methyl- 

1- (propionyloxy)-1 -ethyl, pivaloyloxymethyl, propionyloxymethyl and the like; 
cycloalkanoyloxyalkyl groups such as cyclopropylcarbonyloxymethyl, 
cyclobutylcarbonyloxymethyl, cyclopentylcarbonyloxymethyl, 
cyclohexylcarbonyloxymethyl and the like; aroyloxyalkyl, such as 
benzoyloxymethyl, benzoyloxyethyl and the like; arylalkylcarbonyloxyalkyl, such 
as benzylcarbonyloxymethyl, 2-benzylcarbonyloxyethyl and the like; 
alkoxycarbonylalkyl or cycloalkyloxycarbonylalkyl, such as 
methoxycarbonylmethyl, cyclohexyloxycarbonylmethyl, 1 -methoxycarbonyl-1 - 
ethyl, and the like; alkoxycarbonyloxyalkyl or cycloalkyloxycarbonyloxyalkyl, 
such as methoxycarbonyloxymethyl, t-butyloxycarbonyloxymethyl, 1- 
ethoxycarbonyloxy-1 -ethyl, 1-cyclohexyloxycarbonyloxy-1 -ethyl and the like; 
aryloxycarbonyloxyalkyl, such as 2-(phenoxycarbonyloxy)ethyl, 2-(5- 
indanyloxycarbonyloxy)ethyl and the like; alkoxyalkylcarbonyloxyalkyl, such as 

2- (1-methoxy-2-methylpropan-2-oyloxy)ethyl and like; 
aiylalkyloxycarbonyloxyalkyl, such as 2-(benzyloxycarbonyloxy)ethyl and the 
like; arylalkenyloxycarbonyloxyalkyl, such as 2-(3-phenylpropen-2- 
yloxycarbonyloxy)ethyl and the like; alkoxycarbonylaminoalkyl, such as t- 
butyloxycarbonylaminomethyl and the like; alkylaminocarbonylaminoalkyl, such 
as methylaminocarbonylaminomethyl and the like; alkanoylaminoalkyl, such as 
acetylaminomethyl and the like; heterocycliccarbonyloxyalkyl, such as 4- 
methylpiperazinylcarbonyloxymethyl and the like; dialkylaminocarbonylalkyl, 
such as dimethylaminocarbonylmethyl, diethylaminocarbonylmethyl an3 the 
like; (5-(loweralkyl)-2-oxo-1,3-dioxolen-4-yl)alkyl, such as (5-t-butyl-2-oxo-1 ,3- 
dioxolen-4-yl)methyl and the like; and (5-phenyl-2-oxo-1,3-dioxolen-4-yl)alkyl, 
such as (5-phenyl-2-oxo-1,3-dioxolen-4-yl)methyl and the like. 

The term "N-protecting group" or "N-protected" as used herein refers to 
those groups intended to protect the N-terminus of an amino acid or peptide or 
to protect an amino group against undersirable reactions during synthetic 
procedures. Commonly used N-protecting groups are disclosed in Greene, 
"Protective Groups In Organic Synthesis," (John Wiley & Sons, New York 
(1981)), which is hereby incorporated by reference. N-protecting groups 
comprise acyl groups such as formyl, acetyl, propionyl, pivaloyl, 
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t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl, trichloroacetyl, 
phthalyLo-nitrophenoxyacetyl, ot-chlorobutyryl, benzoyl, 4-chlorobenzoyl, 
4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as 
benzenesulfonyl, p-toluenesulfonyl and the like; carbamate forming groups 
5 such as benzyloxycarbonyl, p-chlorobenzyloxycarbonyl, 
p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 
2-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 
3,4-dimethoxybenzyloxycarbonyl, 3,5-dimethoxybenzyloxycarbonyl, 
2,4-dimethoxybenzyloxycarbonyI, 4-methbxybenzyloxycarbonyl, 
2-nitro-4,5-dimethoxybenzyloxycarbonyl ( 3,4,5-trimethoxybenzyloxycarbonyl, 
1 -(p-biphenylyl)-l -methylethoxycarbonyl, 

a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl, benzhydryloxycarbonyl, 
t-butyloxycarbonyl, diisopropylmethoxycarbonyl, isopropyloxycarbonyl, 
ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 
2,2,2,-trichloroethoxycarbonyl, phenoxycarbonyl, 

4-nitrophenoxycarbonyl, fluorenyl-9-methoxycarbonyl, cyclopentyloxycarbonyL 
adamantyloxycarbonyl, cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; 
alkyl groups such as benzyl, triphenylmethyl, benzyloxymethyl and the like; and 
silyl groups such as trimethylsilyl and the like. Preferred N-protecting groups 
are formyl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phenylsulfonyl, benzyl, 
t-butyloxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). 

The term "loweralkyl 11 as used herein refers to branched or straight chain 
alkyl groups comprising one to ten carbon atoms, including methyl, ethyl, propyl, 
isopropyl, n-butyl, t-butyl, neopentyl and the like. 

The term "alkoxy" as used herein refers to RO- wherein R is loweralkyl as 
defined above. Representative examples of alkoxy groups include methoxy, 
ethoxy, t-butoxy and the like. 

The term "alkoxyalkoxy" as used herein refers to RsoO-RsiO- wherein 
R80 is loweralkyl as defined above and Rai is an alkylene group. 
Representative examples of alkoxyalkoxy groups include methoxymethoxy, 
ethoxymethoxy, t-butoxymethoxy and the like. 

The term "alkoxyalkyP as used herein refers to an alkoxy group as 
previously defined appended to an alkyl group as previously defined. 
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Examples of alkoxyalkyl include, but are not limited to, methoxymethyl, 
methoxyethyl, isopropoxymethyl and the like. 

The term "alkoxycarbonyl" as used herein refers to an alkoxy group as 
previously defined appended to the parent molecular moiety through a carbonyl 
5 group. Examples of alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl, 
isopropoxycarbonyl and the like. 

The term "alkoxycarbonylalkyl" as used herein refers to an 
alkoxylcarbonyl group as previously defined appended to a loweralkyl group. 
Examples of alkoxycarbonylalkyl include fnethoxycarbonylmethyl, 2- 

10 ethoxycarbonylethyl and the like. 

The term "alkylene" denotes a divalent group derived from a straight or 
branched chain saturated hydrocarbon having from 1 to 10 carbon atoms by the 
removal of two hydrogen atoms, for example methylene, 1 ,2-ethylene, 1,1- 
ethylene, 1 ,3-propylene, 2,2-dimethylpropylene, and the like. 

15 The term "alkenyl" as used herein refers to a branched or straight 

hydrocarbon chain comprising two to twenty carbon atoms which also 
comprises one or more carbon-carbon double bonds. Representative alkenyl 
groups include 2-propenyl (i.e., allyl), 3-methyl-2-butenyl, 3,7-dimethyl-2,6- 
octadienyl, 4,8-dimethyl-3,7-nonadienyl, 3,7,1 1-trimethyl-2,6,10-dodecatrienyl 

20 and the like. 

The term "alkenylene" denotes a divalent group derived from a straight or 
branched chain hydrocarbon containing from 2 to 10 carbon atoms and also 
containing at least one carbon-carbon double bond. Examples of alkenylene 
include -CH=CH-, -CH 2 CH=CH-, 
25 -C(CH 3 )=CH-, -CH 2 CH=CHCH 2 -, and the like. 

The term "alkynyl" as used herein refers to a branched or straight 
hydrocarbon chain comprising two to twenty carbon atoms which also 
comprises one or more carbon-carbon triple bonds. Representative alkynyl 
groups include ethynyl, 2-propynyl (propargyl), 1-propynyl and the like. 
30 The term "amino" as used herein refers to -Nl-fe. 

The term "alkylamino" as used herein refers to R 51 NH- wherein R 51 is a 
loweralkyl group, for example, methylamino, ethylamino, butylamino, and the 
like. 
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The term "dialkylamino" as used herein refers to R56R57N- wherein R 56 
and R57 are independently selected from loweralkyl, for example 
dimethylamino, diethylamino, methyl propylamino, and the like. 

The term "aryl" as used herein refers to a mono- or bicyclic carbocyclic 
5 ring system having one or two aromatic rings including, but not limited to, 

phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups 
(including bicyclic aryl groups) can be unsubstituted or substituted with one, two 
or three substituents independently selected from loweralkyl, haloalkyl, alkoxy, 
thioalkoxy, amino, alkylamino, dialkylamiho, hydroxy, halo, mercapto, nitro, 
0 carboxaldehyde, carboxy, alkoxycarbonyl and carboxamide. In addition, 
substituted aryl groups include tetrafluorophenyl and pentafluorophenyl. 

The term "arylalkyl" as used herein refers to a loweralkyl radical to which 
is appended an aryl group. Representative arylalkyl groups include benzyl, 
phenylethyl, hydroxybenzyl, fluorobenzyl, fluorophenylethyl and the like. 
5 The term "arylalkenyl" as used herein refers to an aryl group as 

previously defined appended to an alkenyl group as previously defined. 
Examples of arylalkenyl include styryl (i.e., 2-phenylethenyl), 2-(1- 
naphthyl)ethenyl and the like. 

The term "aryl-substituted cycloalkylalkyl" as used herein refers to a 
0 cycloalkylalkyl radical in which the alkyl portion of the radical is substituted with 
an aryl group. Examples of aryl-substituted cycloalkylalkyl include a- 
(cyclopropylmethyl)benzyl, 
a-(cyclobutylmethyl)benzyl and the like. 

The term "carboxaldehyde" as used herein refers to the group -C(0)H. 
S The term "carboxamide" as used herein refers to the group -C(0)NH2. 

The term "cycloalkyl" as used herein refers to an alicyclic group 
comprising from 3 to 7 carbon atoms including, but not limited to, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl and the like. 

The term "cycloalkylalkyl" as used herein refers to a loweralkyl radical to 
10 which is appended a cycloalkyl group. Representative examples of 
cycloalkylalkyl include cyclopropylmethyl, cyclohexylmethyl, 2- 
(cyclopropyl)ethyl and the like. 

The term M 1,2,3,4-cyclobutanetetracarboxylic dianhydride" as used herein 
refers to the (1.2/3.4) compound wherein the two anhydride rings are trans (i.e., 
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on opposite sides of the plane formed by the cyclobutane ring) to one another. 



The term "halogen" or "halo" as used herein refers to I, Br, CI or F. 
The term "haloalkyl" as used herein refers to a lower alkyl radical, as 
5 defined above, bearing at least one halogen substituent, for example, 
chloromethyl, fluoroethyl or trifluoromethyl and the like. 

The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as used 
herein refers to any 3- or 4-membered ring containing a heteroatom selected 
from oxygen, nitrogen and sulfur; or a 5-, 6- or 7-membered ring containing on« 
10 two or three nitrogen atoms; one oxygen atom; one sulfur atom; one nitrogen 
and one sulfur atom; one nitrogen and one oxygen atom; two oxygen atoms in 
non-adjacent positions; one oxygen and one sulfur atom in non-adjacent 
positions; or two sulfur atoms in non-adjacent positions. The 5-membered ring 
has 0-2 double bonds and the 6- and 7-membered rings have 0-3 double 
15 bonds. The nitrogen heteroatoms can be optionally quatemized. The term 
"heterocyclic" also includes bicyclic groups in which any of the above 
heterocyclic rings is fused to a benzene ring or a cyclohexane ring or another 
heterocyclic ring (for example, indolyl, quinolyl, isoquinolyl, tetrahydroquinolyl, 
benzofuryl or benzothienyl and the like). Heterocyclics include: azetidinyl, 
20 pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl. 
imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, 
piperazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, 
isoxazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, 
indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl', 
25 furyl, thienyl, thiazolidinyl, isothiazolyl, triazolyl, tetrazolyl, isoxazolyl, 

oxadiazolyl, thiadiazolyl, pyrrolyl, pyrimidyl and benzothienyl. Heterocyclics 




p 



The relative stereochemistry is as shown. 



o 



WO 96/34850 



-27- 



PCT/US96/06156 



try 



also include compounds of the formula ^ 0 where X* is -CH2- or 
-O- and Y* is -C(0)- or [-C(RV]v where R" is hydrogen or Ci-C4-alkyl and v is 
1 , 2 or 3 such as 1 ,3-benzodioxolyl, 1 ,4-benzodioxanyl and the like. 

Heterocyclics can be unsubstituted or monosubstituted or disubstituted 
5 with substituents independently selected from hydroxy, halo, oxo (=0), 
alkylimino (R*N= wherein R* is a loweralkyl group), amino, alkylamino, 
dialkylamino, alkoxy, alkoxyalkoxy, haloalkyl, cycloalkyl, aryl, arylalkyl, -COOH, 
-SO3H and loweralkyl. In addition, nitrogen containing heterocycles can be N- 
protected. 

10 The term "(heterocyclic)alkyr as used herein refers to a heterocyclic 

group as defined above appended to a loweralkyl radical as defined above. 
Examples of heterocyclic alkyl include 2-pyridylmethyl, 4-pyridylmethyl, 4- 
quinolinylmethyl and the like. 

The term "heterocyclic-substituted cycloalkylalkyl" as used herein refers 
15 to a cycloalkylalkyl radical in which the alkyl portion of the radical is substituted 
with a heterocyclic group. Examples of heterocyclic-substituted cycloalkylalkyl 
include a-(cyclopropylmethyl)furan-2-ylmethyl, cc-(cyclobutylmethyl)thien-2- 
ylmethyl and the like. 

The term "mercapto" as used herein refers to the group -SH. 
20 The term "perfluoro-Ci^-alkyl" as used herein refers to an alkyf radical 

of 1 to 4 carbon atoms in which all hydrogen atoms have been replaced with 
fluorine atoms. Examples of perfluoro-Ci-C4-alkyl include trifluoromethyl, 
pentafluoroethyl and the like. 

The term "tetrazolyl" or "5-tetrazolyr as used herein refers to a 
25 radical of the formula 
K 



-V4 



N—N 



or a tautomer thereof. 
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The term "thioalkoxy" as used herein refers to R70S- wherein R70 
is loweralkyl. Examples of thioalkoxy include, but are not limited to, 
methylthio, ethylthio and the like. 

The term "thioalkoxyalkyl" as used herein refers to a thioalkoxy 
group as previously defined appended to a loweralkyl group as 
previously defined. Examples of thioalkoxyalkyl include 
thiomethoxymethyl, 2-thiomethoxyethyl and the like. 

Representative compounds of the invention include: 

(1 cc,2p,3p\4a)-1 .2-Di[N-methyi-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-methyl-N-(4-benzyloxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 <x,2p\3p\4a)-1 .2-Di[N-benzyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4cc)-1 ,2-Di[N-ethyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-methyl-N-(3-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 oc,2p,3p,4a)-1 ,2-Di[N,N-di(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-methyl-N-(4-[4-fluorophenoxy]benzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-methyl-N-(3-[4-fluorophenoxy]benzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 <x,2p,3p,4cc)-1 ,2-Di[N-methyl-N-biphenylamino-carbonyl]- 

cyclobutane-2,4-dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-isopropyl-N-biphenylaminocarbonyl3- 

cyclobutane-3,4-dicarboxylic acid; 
(1 <x,2p,3p,4cc)-1 ,2-Di[N-isobutyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
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(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-benzylbenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-butyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propargyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyciobutane-3,4-dicarboxylic acid; 
(1 a,2p,3P,4a)-1 ,2-Di[N-pentyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p, 3p,4a)-1 ,2-Di[N-allyl-N-(4-pheno>cybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-cyclopropyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-cyclohexylmethyl-N-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4- dicarboxylic acid; 
(1 <x,2p,3p,4a)-1 ,2-Di[N-phenyl-N-phenoxybenzyl)amino- 

cart)onyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-4-methoxybenzyl-N-4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-methylbenzyl-N-4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4- dicarboxylic acid; 
(1 <x,2p,3p,4a)-1 ,2-Di[N-(f?)-a-methylbenzyl-N-4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4- dicarboxylic acid; 
(1 ct,2p,3p,4a)-1 ,2-Di[N-benzyl-N-(5-phenyl-2,4-pentadienyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(-)-(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(2-(4-phenoxyphenyl)- 

ethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 oc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxyphenyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(2-methoxyethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid;- 
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(1a,2p,3p,4a)-1,2-Di[N-(2-methylthioethyl)-N-(4-phenoxyben2yl)- 

aminocarbonyl]cyclobutane-3,4-dicait)oxyIic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(2-ethylthioethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 oc,2p f 3p,4a)-1 ,2-Di[N-(2-fluoroethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(furan-2-ylmethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(thien-2-ylmethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyc!obutane-3,4-dicarboxylic acid; 
(1a,2p ( 3p,4a)-1 f 2-Di[N-(2-ethylthioethyl)-N-(4-phenylthiobenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3P,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(4-phenoxy- 

benzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-cyclobutyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxyiic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-cyclopentyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 oc,2p,3p,4a)-1 ,2-Di[N-cyclohexyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 <x,2p,3p,4<x)-1 ,2-Di[N-(cyclopentylmethyl)-N-(4-phenoxybenzyl) 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-(cyclobutylmethyl)-N-(4-phenoxybenzyl)-" 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(4-fIuorobenzyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(4-phenoxybenzyl)-N-(3-methoxyphen- 

ethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(4-phenoxybenzyl)-N-(3,4-dimethoxy- 

phenethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic 
acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-(4-phenoxybenzyl)-N-phenethylamino- 
carbonyl]cyclobutane-3,4-dicarboxylic acid; 
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(1 a,2|i f 30,4a)-! .a-DitN^p-phenoxybenzyO-N^S-phenyM - 

propyl)aminocarbonyl]cyclobutane-3,4-dicarboxyIic acid; 
(1 a f 2p f 3p,4a)-1 ,2-Di[N-(4-phenoxybenzyl)-N-(4-phenyl-1 - 

butyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p f 3P,4a)-1 , 2-Di[N-(4-phenoxybenzyl)-N-(methoxycarbonyl- 

methyl)aminocarbonyl]cyclobutane-3 t 4-dicarboxylic acid; 
(1 a,2p,3p 9 4a)-1 ,2-Di[N-(4-phenoxybenzyl)-N-(ethoxycarbonyl- 

ethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a l 2p > 3p,4a)-1 ,2-Di[N-propyl-N-(4-cyclohexyloxybenzyl)- 

aminocarbonyl]cyclobutane-3 i 4-dicarboxylic acid; 
(1 a,2p f 3p f 4oc)-1 -[N-Propyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

2-[N-methyl-N-(homogeranyl)aminocarbonyl]cyclobutane- 

3,4-dicarboxylic acid; 
(1 a,2p,3p f 4cx)-1 -[N-Propyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

2-[N-benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-3,4-dicarboxylic acid; 
(1 a t 2p,3p,4a)-1 -[N-Propyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

2-[N-(4-phenoxybenzyl)aminocarbonyl]cyclobutane-3 l 4- 

dicarboxylic acid; 
(1 a f 2p,3p,4a)-1 ,2-Di-(4-phenoxybenzyloxycarbonyl)-3,4- 

dicarboxylic acid; 
(1 a,2p f 3p,4a)-1 ,2-Di[N-propyl-N-(4-phenylaminophenyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4cx)-l ,2-Di[N-propyl-N-(4-phenylaminobenzyl)- 

arninocarbonyl]cyclobutane-3 f 4-dicartoxylic acid; 
(1 a,2p f 3p,4a)-1 f 2-Di[N-propyl-N-(4-phenylthiobenzyl)- 

aminocarbonyl]cyclobutane-3 f 4-dicarboxylic acid; 
(1 a,2p f 3p,4a)-1 f 2-Di[N-propyl-N-[4-phenoxymethylbenzyl]- 

aminocarbonyl]cyclobutane-3,4-dicarboxyIic acid; 
(1 a,2p,3p,4a)-1 F 2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-4-hydroxymethyl-cyclobutane-3-carboxylic acid; 
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(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-4-[(hydroxyimino)methyl]-cyclobutane-3- 
carboxylic acid; 

(1a,2p f 3p,4a)-1 l 2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 
carbonylJ-4-tetrazolyl-cyclobutane-3-carboxyljc acid; 

(1 cc,2p,3p\4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl-4-tetrazolylmethy!-cyclobutane-3-carboxylic acid; 

(1a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-4-(carboxycarbonylamino)cyclobutane-3- 
carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-4-(3-carboxypropionylamino)cyclobutane-3- 
carboxyiic acid; 

(1 a,2p f 3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl-4-(£-2-carboxyethenyl-cyclobutane-3-carboxylic 
acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl-4-(2-carboxyethyl)-cyclobutane-3-carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-4-(1 -carboxy-1 -hydroxymethyl)cyclobutane-3- 

carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-3,4-di[(hydroxyimino)methyl]-cyclobutane; 
(1 a,2p,3p,4a)-1 ,2-Di[N-methyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid dimethyl esten 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(3-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxyiic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(5-phenoxyfurf uryl)amino- 

carbonyl}cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(5-phenoxythien-2-ylmethyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-(furan-2-yloxybenzyL)- 

aminocarbonyl]cyc!obutane-3,4-dicarboxylic acid; 
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(1 a.20,3p,4a)-1 , 2-Di[N-propyl-N-(4-(thiazol-2-yloxybenzyl)- 

aminocarbonylJcyclobutane-S^-dicarboxylic acid; 
(1 oc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-(pyrroM -ylmethyl)benzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(la^p^p^-l ,2-Di[N-propyl-N-(3-methyl-4-phenoxybenzyl)- 

aminocarbonyi]cyclobutane-3 t 4-dicarboxylic acid; 
(1 a^p^p^a)-! ,2-Di[N-propyl-N-(4-naphth-2-yloxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a f 2p f 3p,4a)-l ? 2-Di[N-propyl-N-(4-(3-methyl-1-phenoxy)benzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a,2p t 3P,4a)-1 l 2-Di[N-propyl-N-(4-(4-methyl-1-phenoxy)benzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 <x,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-naphth-1 -yloxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p f 3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3-[N-(5-tetrazolyl)]carboxamide-4- 

carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyi-N-(4-phenoxybenzyi)- 

aminocarbonyl]cyclobutane-3-(N-(5- 

tetrazolyl)aminocarbonyIamino)-4-carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyI]cyclobutane-3,4-dicarboxylic acid dimethyl ester; 
(1 a f 2p f 3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-3-(methoxycarbonyl)cyclobutane-4-carboxylic 

acid; 

(1 a,2p f 3a f 4a)-1 ,2-Di[-N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxy lie acid ; 
(1a,2p,3a l 4P)-1 ( 2-Di[N-propyi-N-(4-phenoxybenzyI)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p t 3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-[(hydroxyamino)carbonyl]cyclobutane-4- 

carboxylic acid; 
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1 a,2p,3p,4a)-3-(Amino)carbonyl-1 ,2-Di[N-propyl-N-(4-phenoxy- 

benzyl)aminocarbonyl]cyclobutane-4-carboxylic acid; 
1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]-3-(trifluoromethanesulfonylamino)cyclobutane-4- 
carboxyiic acid; 

1 a,2p,3p,4a)-4-(Carboxy)methyl)-1 ,2-Di[N-propyl-N-(4-phenoxy- 

benzyl)aminocarbonyl]cyclobutane-3-carboxy!ic acid; 
i a,2p,3p,4a)-3,4-Bis(diazoacetyl)-1 ,2-Di[N-propyl-N-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane; 
1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-diacetic acid; 
1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono- 

Norleucine amide; 

1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3-phenoxycarbonyl-4-dicarboxylic 
acid; 

1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxyiic acid mono-Glycine 
amide; 

1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono- 

</>Proline amide; 
1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono- 

Sarcosine amide; 
1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono- 

o^A-Aspartic acid amide; 
1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono- 

Serine amide; 
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(1a,2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyllcyclobutane-3,4-dicarboxylic acid mono-p- 

Alanine amide; 
(1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)amino- 

carbonyl]cyclobutane-3,4-dicarboxylic acid mono-d- 

Norleucine amide; 
(1 a,2p,3p,4ct)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono-/- 

Norleucine amide; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(4-pyridyl)methyl-N-(phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(la^a.sp^pH^-DilN-propyl-N-fphenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2a,3a,4a)-1 ,2-Di[N-propyl-N-(phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxyiic acid; 
(1a,2a,3a,4P)-1 , 2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-benzoylbenzyl)- 

aminocarbonylJcyclobutane-3,4-carboxylic acid; 
(1a ) 2p,3p,4a)-1,2-Di[N-propyl-N-(4-(3,4-methylenedioxy- 

phenoxy)benzyl)-aminocarbonyl]cyclobutane-3,4- 

carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-methyl-N-(4-phenoxybenzyl)- 

aminocarbonylamino]cyclobutane-3,4-dicarboxylic acid; 
(la^p.Sp^aJ-l^-DilN.N-dibenzylaminocarbonyllcyclobutane- 

3,4-dicarboxylic acid; 
(1 a,2p,3P,4a)-1 ,2-Di(N-benzyl-N-(4-chlorobenzyl)- 

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[(4-phenoxybenzyl)carbonylamino]- 

cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

carbonylamino]cyclobutane-3,4-dicarboxylic acid; 



-36- 



(1 a,2p,3p,4a)-1 ,2-Di-[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-bis(tetrazolylmethyl)cyclobutane; 
(1 a,2p,3p,4a)-1 ,2-Di-[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonylmethy; . <;yclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di{N-benzyl-N-[(4-phenoxy)benzyl]- 
aminocarbonyl}cyclobutane-3,4-diacetic acid; 
ce,2p,3p,4a)-1 ,2-Di[N-cyclopropylmethyl-N-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminothiocarbonylJcyciobutane-S^-dicarboxylic acid; 
(1a,2p,3p,4<x)-1 ,2-Di[N-(S)-a-(cyclopropylmethyl)benzyl-N-(4- 

phenoxybenzyi)-aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-(R)-a-(cyclopropylmethyl)benzyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(S)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(R)-a-(cyclopropylmethyl)-(4- 
phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-(R)-a-ethylbenzyl-N-(4-phenoxyphenyl)- 

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid; 
(1 a,2P,3p,4a)-1 ,2-Di[N-(S)-a-ethylbenzyl-N-(4-phenoxyphenyl)- 

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(R)-a-(cyclopropylmethyl)benzyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-(cyclopropylmethyl)benzyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- . 
dicarboxylic acid; 
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(1 a,2p,3p f 4cx)-1 ,2-Di[N-(R)-a-propyl-(4-phenoxyben2yl)- 

aminocarbonyl]cyclobutane- 3,4-dicarboxylic acid; 
(1 <x f 2p,3p,4a)-1 ,2-Di[N-(S)-a-propyl-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p l 4a)-1 f 2-Di[N-propyl-N-(R)-a-propyl-(4-phenoxybenzyl)- 

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 f 2-Di[N-propyl-N-(S)-a-propyl-(4-phenoxybenzyl)- 

aminocarbonyl]-cyclobutane-3 t 4-dicarboxylic acid; 
(1 a f 2p,3p,4a)-1 ,2-Di[N-benzyl-N-(R)-a-propyl-(4- 

phenoxybenzyl)- aminocarbonyl]-cyclobutane-3,4- 

dicarboxylic acid; 
(1 a l 2p v 3p,4a)-1 t 2-Di[N-benzyl-N-(S)-a-propyl-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p f 4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(R)-a-propyl-(4- 

phenoxybenzyl)- aminocarbonyIJcyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4cc)-1 ,2-Di[N-(cyclopropylmethyl)-N"(S)-a-propyl-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(ethoxycarbonyl)cyclobutane-4- 

carboxylic acid; 
(1 a,2p f 3p,4a) -1 f 2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(propoxycarbonyl)cyclobutane-4- 

carboxylic acid; 
(1 <x,2p,3p,4<x) -1 f 2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyI]-3-(butoxycarbonyl)cyclobutane-4- 

carboxylic acid; 
(1 a,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(isobutoxycarbonyl)cyclobutane-4- 

carboxylic acid; 
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(1 oc,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(pentoxycarbonyl)cyclobutane-4- 

carboxylic acid; 
(1 <x,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
5 aminocarbonyl]-3-(1 -methylpropoxycarbonyl)cyclobutane- 

4-carboxylic acid; 
(1 a,2p,3p,4oc) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyi]-3-(tert-butyloxycarbonyl)cyclobutane-4- 
carboxylic acid; 

10 (1a,2p,3p,4a) -1,2-Di[N-propyi-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(isopropoxycarbonyl)cyclobutane-4- 
carboxylic acid; 

(1 a,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(isoamyloxycarbonyl)cyclobutane-4- 
15 carboxylic acid; 

(1cc,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-((1 S)-1-methoxycarbonyl-1 - 
ethoxycarbonyl)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

20 aminocarbonyl]-3-(butoxycarbonylmethyl)cyclobutane-4- 
acetic acid; 

( 1 oc,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-((1 S)-1-methoxycarbonyl-1 - 
ethoxycarbonylmethyl)cyclobutane-4-acetic acid; 
25 ( 1 a,2p,3p,4a) -1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocait»onyl]-3-(N,N-diethylacetamidocarbonylmethyl)- 
cyclobutane-4-acetic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(acetoxymethoxycarbonyl)cyclobutane- 
30 4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(acetoxymethoxycarbonyl)- 
cyclobutane; 
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(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(propionyloxymethoxycarbonyl)- 
cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(propionyloxymethoxycarbonyl)- 
cyclobutane; 

(1 <x,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(butyryloxymethoxycarbonyl)- 

cyclobutane-4-carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(butyryloxymethoxycarbonyl)- 

cyclobutane; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(isobutyryloxymethoxycarbonyl)- 
cyclobutane-4-carboxyIic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(isobutyryloxymethoxycarbonyl)- 
cyclobutane; 

(1 oc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(pivaloyloxymethoxycarbonyl)- 

cyclobutane-4-carboxylic acid; 
(1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(pivaloyloxymethoxycarbonyl)- 

cyclobutane; 

(1 a,2p,3p,4oc)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(cyclopropylcarboxy- 

methoxycarbonyl)cyciobutane; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(cyclobutylcarboxymethoxycarbonyl)- 

cyclobutane-4-carboxylic acid; 
(1 a,2p,3p,4oc)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(cyclobutylcarboxy- 

methoxycarbonyl)cyclobutane; 
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(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(cyclopentylcarboxymethoxy- 
carbonyl)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3,4-di(cyclopentylcarboxy- 
methoxycarbonyl)cyclobutane; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(cyclohexylcarboxymethoxy- 
carbonyl)cyclobutane-4-carboxylic acid; 

(1 oc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(cyclohexylcarboxymethoxy- 
carbonyl)cyclobutane; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(cyclohexylcarboxymethoxy- 
carbonyl)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyi-N-(4-phenoxybenzyl)- 

aminocarbonylJ-3,4-di(cyclohexylcarboxymethoxy- 
carbonyl)cyclobutane; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(1 -propionyloxyethoxy- 
carbonyl)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(1-pivaloyloxyethoxy- 
carbonyl)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3,4-di( 1 -pivaloyloxyethoxy- 
carbonyl))cyclobutane; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(1 -methyl-1 -propionyloxyethoxy- 
carbonyl)cyclobutane-4-carboxylic acid; 

(1 <x,2p,3p,4oc)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(methoxycarboxymethoxy- 
carbonyl)cyclobutane-4-carboxyiic acid; 
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(1 <x,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3 f 4-di(methoxycarboxymethoxy- 

carbonyl))cydobutane; 
(1 <x,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(propionyloxymethoxycarbonyl- 

methyl)cycIobutane-4-acetic acid; 
(1 oc,2p,3p,4a)-1 l 2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3,4-di(propionyloxymethoxycarbonyl- 

methyl))cyclobutan8; 
(1 a f 2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(2-hydroxy-3 f 4-dioxocyclobut-1- 
enylamino)cyclobutane-4-carboxylic acid; 
(la^p^p^aJ-l^-DifN-propyl-N^-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]oxadiazol-2- 

yl)cyclobutane-4-carboxylic acid; 
(1a,2p f 3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3-(N-methanesulfonyl)- 

carboxamido-4-carboxylic acid; 
(1a,2p f 3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3-(4,6-dioxo-tetrahydropyran 

2-yl)-4-carboxylic acid; 
(1 a,2p,3p,4a)-1 t 2-Di[(N-methyl-N-(R)-a-propyl-4- 

phenoxybenzylJaminocarbonyljcyclobutane-S^- 

dicarboxylic acid; 
(la^p.Sp^aJ-l^-DilN-tSJ-seobutyl-N^-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a f 2p,3p f 4a)-1 t 2-Di[N-(R)-seo-butyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p f 3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(methoxyacetyl)cyclobutane-4-acetic 

acid; 
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[1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1 ,3,4]-oxadiazol-2- 
ylmethyl)cyclobutane-4-acetic acid; 

[1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(2-hydroxyethyl)cyclobutane-4-acetic 
acid; 

[1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-[4-phenoxybenzyl]- 

aminocarbonyl]-3-(2-oxo-ethyl)cyclobutane-4-acetic acid; 
[1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-[4-phenoxybenzyl]amino- 

carbonylJ-3-(5-tetrazolylmethyl)cyclobutane-4-acetic acid; 
[I a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-benzyloxycarbonylcyclobutane-4- 

carboxylic acid; 
;1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(N,N-diethylaminocarbonyl- 

methoxycarbonyi)cyclobutane-4-carboxylic acid; 
;1 a,2p,3p,4oc)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(indan-5-yloxycarbonyl)cyclobutane-4- 
carboxylic acid; 

;+)-(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(frans, frans-3,7-dimethyl- 

2,6-octadienyl)aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid; 

a,2p,3p,4a)-1 ,2-Di[N-methyl-N-((1 S)-1 -(4-phenoxyphenyl)- 

1 -ethyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
;+)-(1 <x,2p,3p,4a)-1 , 2-Di[N-methyl-N-((1 R)-1 -(4-phenoxyphenyl)- 

1 -butyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
a,2p,3p,4a)-1 ,2-Di[N-methyl-N-((1S)-1-(4-phenoxyphenyl)- 

1 -butyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
»-(1«,2p,3p,4a)-1,2-Di[N-((1S)-1-(4-phenoxyphenyl)-1- 

butyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
a,2p,3P,4a)-1 ,2-Di[N-propyl-N-((1 S)-1 -(4-phenoxyphenyl)- 

1 -butyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
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[i ot,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonylamino]cyclobutane-3,4-dicarboxylic acid; 
[1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzylcarbonyl)- 

amino]cyclobutane-3,4-dicarboxylic acid; 
;1 a,2p,3p,4a)-1 ,2-Di[N-{(2S)-2-(4-phenoxyphenyl)- 

pentanoylamino]cyclobutane-3,4-dicarboxylic acid; 
1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-4-(N-hydroxy-N-trifluoroacetyl- 
aminomethyl)cyclobutane-3-carboxylic acid; 
a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(methoxycarbonyl)cyclobutane-4- 
carboxylic acid; 
;1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-4-formylcyclobutane-3-carboxylic acid; 
a,2p,3p,4a)-1 ,2-Di{N-propyl-N-[(4-phenoxy)benzyl]- 
aminocarbonyl}cyclobutane-3,4-diacetic acid; 
[-H.1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]-oxadiazol-2- 
ylmethyl)cyclobutane-4-acetic acid; 
a,2p,3p,4<x)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3,4-di(5-oxo-4,5-dihydro-[1,3,4]-oxadiazol- 
2-yimethyl)cyclobutane; 
a,2p,3p,4a)-1 ,2-Di{N-cyclopentyl-N-[(4-phenoxy)benzyl]- 

aminocarbonyl}cyclobutane-3,4-diacetic acid; 
a,2p,3p,4a)-1 ,2-Di[N-cyclopentyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4l-oxadiazol-2- 
ylmethyl)cyclobutane-4-acetic acid; 
a,2p,3p,4a)-1 ,2-Di[N-cyclop8ntyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-3,4-diacetic acid 3-methyl ester; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(R)-a-ethyl-(4-phenoxybenzyl)- 

aminocarbonyt]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-ethyl-(4-phenoxybenzyl)- • 
aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 



(1 oc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(R)-a-ethyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid; 
(1a f 2p,3p,4a)-1,2-Di[N-propyl-N-(S)-a-ethyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]-cyciobutane-3,4- 
dicarboxylic acid; 
(1 cc,2p,3p.4a)-1 ,2-Di[N-benzyl-N-(R)-a-ethyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-benzyl-N-(S)-a-ethyl-N-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 

dicarboxyiic acid; 
(1 a,2p,3p,4ct)-1 ,2-Di[N-(cyclopropylmethyl)-N-(R)-a-ethyl-(4- 

phenoxybenzyl)- aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(S)-a-ethyl-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(R)-a-methyl-(4-phenoxybenzyl)- 

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid; 
(1a,2p,3p,4a)-1,2-Di[N-(S)-a-methyl-(4-phenoxybenzyl)- 

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid; 
(1 cc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(R)-a-methyl-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid; 
( 1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(S)-a-methyl-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 

dicarboxylic acid; 
(1 <x,2p,3p,4a)-1 ,2-Di[N-benzyl-N-(R)-a-methyl-(4-phenoxybenzy)- 

aminocarbonyl]-cyclobutane-3,4-dicarboxylic acid; 
(1 cc,2p,3p,4oc)-1 ,2-Di[N-benzyl-N-(S)-a-methyl-(4- 

phenoxybenzyl)-aminocarbonyl]-cyclobutane-3,4- 
dicarboxyiic acid; 
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(1 cx,2p,3p,4a)-1 ,2-Di[N-(cyclopropyimethyl)-N-(R)-a-methyl-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(S)-a-methyl-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,2p,4a)-1 ,2-Di[N-(R)-a-(cycIopropylmethyl)-(4- 

phenoxybenzyI)amino-carbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)amino-carbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 oc,2p,3p,4a)-1 ,2-Di[N-propyl-N-(R)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3P,4a)-1 f 2-Di[N-propyl-N-(S)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-benzyl-N-(R)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid; 
(1a l 2p f 3p f 4a)-1 f 2-Di[N-benzyl-N-(S)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3 f 4- 

dicarboxylic acid; 
(1 a f 2p,3p f 4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(R)-a- 

(cyclopropylmethyl)-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-3,4-dicarboxylic acid; and 
(1 a,2p,3p f 4a)-1 f 2-Di[N-(cyclopropylmethyl)-N-(S)-a- 

(cyclopropylmethyl)-(4-phenoxybenzyl)aminocarbonyl]- 

cyclobutane-3,4-dicarboxylic acid; 
a pharmaceutically acceptable salt thereof. 

Preferred compounds are selected from the group consisting of 
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(1 a,2p,3p,4oc)-1 ,2-Di[N-benzyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4cc)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(-)-(1a I 2p,3p,4a)-1 I 2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxyiic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(2-ethylthioethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(4- 

phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 
dicarboxyiic acid; 

(1a,2p,3p,4a)-1-[N-Propyl-N-(4-phenoxybenzyl)aminocarbonyl]- 

2- [N-benzyl-N-(4-phenoxybenzyl)aminocarbonyl]- 
cyclobutane-3,4-dicarboxy!ic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenylthiobenzyl)- 

aminocarbonyl]cyclobutane-3,4-dicarboxylic acid; 
(1a l 2p,3p,4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl-4-tetrazolylmethyl-cyclobutane-3- 
carboxylic acid; 

(1a,2p,3p ( 4a)-1,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-4-(3-carboxypropionylamino)cyclobutane- 

3- carboxylic acid; 

(1 cc,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl]-4-(1 -carboxy-1 -hydroxymethyl)- 
cyclobutane-3-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]cyclobutane-3-[N-(5-tetrazolyl)]- 
carboxamide-4-carboxyiic acid; 
(1 a,2p,3p,4a)-4-(Carboxy)methyl)-1 ,2-di[N-propyl-N-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3-carboxylic 
acid; 

(1a,2p f 3p I 4a)-1,2-Di[-N-propyl-N-(4-p'henoxybenzyl)- 
aminocarbonyi]cyclobutane-3,4-diacetic acid; 
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(la^p.sp^aM^-DilN-propyl-N-^-phenoxybenzyl)- 

aminocarbonyl]-3-(2-hydroxy-3,4-dioxocyclobut-1 - 
enylamino)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4cc)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]oxadiazol-2- 
yl)cyclobutane-4-carboxylic acid; 

(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]-oxadiazol-2- 
ylmethyl)cyclobutane-4-acetlc acid; 
(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-tetrazolylmethyl)cyclobutane-4-acetic 
acid; 

(-)-(1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(methoxycarbonyl)cyclobutane-4- 

carboxylic acid; 
(-)-(1 a,2p,3p,4a)-1 ,2-Di{N-propyl-N-[(4-phenoxy)benzyl]- 

aminocarbonyl}cyclobutane-3,4-diacetic acid; 
(-)-(1 a,2p,3P,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]-oxadiazol-2- 

ylmethyl)cyclobutane-4-acetic acid; 
(-)-(1 a,2p,3p,4a)-1 ,2-Di{N-cyclopentyl-N-[(4-phenoxy)benzyl- 

]aminocarbonyl}cyclobutane-3,4-diacetic acid; and 
(-)-(1 a,2p,3p,4a)-1 ,2-Di[N-cyclopentyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]-oxadiazol-2- 

ylmethyl)cyclobutane-4-acetic acid; 
or a pharmaceutically acceptable salt thereof. 

Particularly preferred is the compound (-)-(1a,2p,3p,4a)-1,2-Di[N- 
propyl-N-(4-phenoxybenzyl)aminocarbonyl]-3-(methoxycarbonyl)- 
cyclobutane-4-carboxylic acid, or a pharmaceutically acceptable salt 
thereof. 
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In general, the compounds of the invention can be prepared by the 
processes illustrated in Schemes l-XIX. According to reaction Scheme I, 
1,2,3,4-cyclobutanetetracarboxylic dianhydride (where the two anhydrides are 
trans to one another) in an inert solvent such as dimethylformamide is treated 
with an appropriately substituted secondary amine (HNR1R2) in the presence 
of an aprotic base such as triethylamine to afford a mixture of the 1 ,2- and 1 ,3- 
diamides. (The isomeric diamides are separable by column chromatography.) 
The dicarboxylic acid (2) can be further elaborated, if desired, to its diester 4 
(wherein R 10 is loweralkyl, benzyl, a carbbxy protecting group or prodrug) by 
treatment with an alcohol such as methanol in the presence of concentrated 
sulfuric acid or with diazomethane. 

Alternatively Scheme II illustrates the reaction of 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (where the two anhydrides are trans to 
one another) with an alcohol such as methanol to give a mixture of the diesters 
6. and 7 (wherein R 20 is loweralkyl or benzyl) following the procedure 
described in Angew. Chem. International Ed. fi: 208 (1969). (The isomeric 
diesters are separable by column chromatography or crystallization.) 
Compound fi is activated as an acid halide (for example by treatment with 
thionyl chloride or phosphorus oxychloride) or activated ester including esters 
or anhydrides derived from formic acid, acetic acid and the like, alkoxycarbonyl 
halides, N-hydroxysuccinimide, N-hydroxyphthalimide, N- 
hydroxybenzotriazole, N-hydroxy-5-norbornene-2,3-dicarboxamide, 2,4,5- 
trichlorophenol and the like and then reacted with a secondary amine - 
(HNRi R 2 ) to give compound fi. Hydrolysis of the esters, for example, with 
sodium hydroxide in methanol-water or lithium hydroxide in THF) affords the 
dicarboxylic acid 2. Alternatively, the diacid is treated with diphenylphosphoryl 
azide and triethylamine followed by treatment with a secondary amine to give 
bisurea diester 9_. Ester hydrolysis or catalytic hydrogenation of 9_ affords the 
diacid 

The preparation of optically active compounds of the invention is shown 
in Scheme III. (In a preferred embodiment, R-i is propyl and R 2 is 4- 
(phenoxy)benzyl.) The dicarboxylic acid 2 is esterified with a chiral alcohol 
(such as (+) or (-) sec-phenethyl alcohol or (+) or (-) menthol and the like) to 
give a mixture of phenethyl esters (H) which are separable by silica gel 
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chromatography to give a single diastereomer 12. Catalytic hydrogenation or 
hydrolysis affords the optically active product 13. 

The carboxy functionalities of compound 2 can be elaborated in a 
number of ways. Scheme IV shows the replacement of one of the carboxy 

5 groups with tetrazolyl. The dicarboxylic acid diamide 2, prepared in Scheme I, 
is converted to a mono-ester 14 where R30 is loweralkyl (for example, making 
the diester and hydrolyzing one of the esters with a stoichiometric amount of 
lithium hydroxide). The remaining carboxy lie acid moiety is reduced (for 
example, via a mixed anhydride with sodium borohydride or with BH3 and the 

10 like) to give the hydroxymethyl compound 15. The hydroxymethyl compound is 
oxidized (for example, using tetrapropylammonium perruthenate (TPAP) or 
oxalyl chloride in DMSO and the like) to give the aldehyde 1£. The aldehyde is 
reacted with hydroxylamine to give the oxime 12. Treatment of the oxime J7 
with trifluoroacetic anydride gives the cyano compound IS. The cyano 

15 compound is reacted by standard tetrazole forming methodology (for example, 
sodium azide and triethylamine hydrochloride in DMF) to give the tetrazolyl 
compound 1£. Ester hydrolysis of 19 (for example, lithium hydroxide in THF) 
affords the tetrazolyl carboxylic acid 20. 

Other modifications of the carboxy functionality are shown in Scheme V. 

20 To make the tetrazolylmethyl compound, the hydroxymethyl compound 15 
where R30 is loweralkyl, prepared in Scheme IV, is activated (for example, by 
reacting with methane sulfonyl chloride to give the methane sulfonate) and 
then reacted with potassium cyanide to give the cyanomethyl compound 21- 
The cyano compound is reacted by standard tetrazole forming methodology 

25 (for example, sodium azide and triethylamine hydrochloride in DMF) to give the 
tetrazolyl compound, which is hydrolyzed (for example, with lithium hydroxide 
in water and methanol) to give the carboxylic acid 22. 

Starting from the carboxaldehyde 1§ where R30 is loweralkyl, prepared 
in Scheme IV, treatment with furan, n-butyl lithium and CuCN in an inert solvent 

30 such as THF, followed by acetylation with acetic anhydride affords the acetoxy 
f uranyl methyl compound 23. Treatment of compound 23 with ruthenium oxide 
and sodium periodate converts the furan to a carboxylic acid; and then lithium 
hydroxide hydrolysis of the ester affords the dicarboxylic acid 24- 
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Starting from the mono-ester 14 where R30 is loweralkyl, prepared in 
Scheme JV, the carboxylic acid is activated with isobutylchloroformate in the 
presence of 4-methylmorpholine and then reacted with diazomethane to give 
the diazoacetyl compound 25. Treatment of the diazoacetyl compound with 
5 silver benzoate in methanol affords the diester which is hydrolyzed to give the 
dicarboxylic acid 26- 

Starting with the dicarboxylic acid 2, prepared in Scheme I, the 
carboxylic acids are activated with isobutylchloroformate in the presence of 4- 
methylmorpholine and then reacted with diazomethane to give the bis- 
10 diazoacetyl compound 22. Treatment of the diazoacetyl compound with silver 
benzoate in methanol affords the diester which is hydrolyzed to give the di- 
acetic acid 2&» 

Starting with the mono-ester 14 (wherein R 30 is loweralkyl), prepared in 
Scheme IV, under standard peptide coupling conditions (for example, using 1- 

15 hydroxybenzotriazole and N-methylmorpholine in DMF) plus a carboxy- 
protected amino acid (for example, the methyl ester of norleucine, p-alanine, 
sarcosine, glycine, proline and the like) affords the carboxy-protected mono- 
amino acid derivative (where AA represents an amino acid), which is 
hydrolyzed to give the dicarboxylic acid 29- Di-, tri- and tetra-peptide 

20 derivatives can be similarly prepared, using the appropriate carboxy-protected 
di-, tri- or tetra-peptide. 

Scheme VI illustrates further modifications of the carboxy moiety. The 
mono-ester 14 (wherein R30 is loweralkyl), prepared in Scheme IV, is reacted 
with diphenylphosphorylazide in the presence of triethylamine followed by 

25 benzyl alcohol to give the benzyloxycarbonyl protected amine 43 (Z is 

benzyloxycarbonyl). Catalytic hydrogenation removes the Z protecting group 
to give the 4-amino compound 44- The amine 44 is reacted with 
Et0 2 C(CH 2 )rC(0)CI (where r is 0 to 4) in the presence of 2,6-lutidine to give 
compound 45. Ester hydrolysis using lithium hydroxide in THF affords the 

30 dicarboxylic acid 46. 

Aldehyde 16, prepared in Scheme IV, is reacted with methyl 
triphenylphoranylideneacetate to give compound 4Z where E is R30 where R30 
is lower alkyl. Lithium hydroxide hydrolysis of 4Z in THF affords the diacid 48 
where E is hydrogen. 
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Scheme VII illustrates the preparation of two other stereo-isomers 
encompassed by the present invention. The (1a,2p,3p,4a) isomer 2 results 
from the opening of 1,2,3,4-cyclobutanetetracarboxylic dianhydride 1 
described in Scheme I. Another isomer is obtained by epimerization of one 
5 center on the cyclobutane ring. The mono-ester H, prepared in Scheme IV, 
(wherein R30 is loweralkyl) is dissolved in an inert solvent, such as THF or 
ether or dimethoxyethane and the like, cooled, and treated with a non- 
nucleophilic base (for example, with sodium hexamethyldisilazide or lithium 
diisopropylamide and the like). Quenching with a protic source such as acetic 

1 0 acid, followed by ester hydrolysis affords the (1 a,2p,3a,4oc)-isomer as the 
dicarboxylic acid 30. 

Another isomer is obtained by taking the (1a,2p,3(3,4a) isomer of diester 
3, prepared in Scheme II, (wherein R 30 is loweralkyl) and epimerizing with 
sodium methoxide in methanol to give the (1a,2p,3oc,4p) isomer 49 (wherein J 

15 is R30 where R30 is lower alkyl). Sodium hydroxide hydrolysis in methanol- 
water gives the dicarboxylic acid 5_Q (wherein J is hydrogen). 

The preparation of other isomers is shown in Scheme VIII. Furan-2- 
acrylic acid SI is photodimerized resulting in two isomers (the (1oc,2a,3p,4p)- 
isomer 32 and the (1a,2a,3a,4a)-isomer 33) which are separable by column 

20 chromatography. These photoadducts are then coupled to the appropriate 
amine (R1R2NH) under standard peptide coupling conditions (for example, 
bis(2-oxo-3-oxazolidinyl)phosphinic chloride in DMF) to give the diamides 34 
and 25. The furan groups can be converted to carboxylic acids using the 
procedure described by Danishefsky et al., J. Amer. Chem. Soc., HQ (12), 

25 3929 - 3940 (1988) to give (1 ct,2a.3P,4p) 33 and (1 a,2a,3a,4a) 32. 

The preparation of yet another isomer is shown in Scheme IX. The 
(1a,2a,3p,4p)-isomer 33 is converted to the mono-ester 38 where R30 is 
loweralkyl (for example, by converting to the dimethyl ester with diazomethane 
and then hydrolyzing one of the ester functionalities with a stoichiometric 

30 amount of lithium hydroxide). The mono-ester 33 is epimerized with a non- 
nucleophilic base (for example, with sodium hexamethyldisilazide or lithium 
diisopropylamide and the like) to give the (1a,2a,3<x,4P)-isomer 39_. The ester 
is then hydrolyzed to give the dicarboxylic acid 40_. 
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The preparation of compounds where both amides are not the same is 
shown ir\ Scheme X. Opening 1,2,3,4-cyclobutanetetra-carboxylic dianhydride 
with a stoichiometric amount of an amine (R1R2NH) gives the mono-amide 
tricarboxylic acid 41- Using typical peptide coupling conditions (for example, 
5 treating with dicyclohexylcarbodiimide in a mixture of DMF and methylene 
chloride) and an appropriate amine (RrFfe'NH) gives the desired diamide 42 
having different amide substituents. 

An alternate method for preparing the compounds of the invention is 
shown in Scheme XI. 1,2,3,4-Cyclobutanfetetracarboxylic anhydride 1 is 

10 reacted with benzyl alcohol to give the 1 ,2-dibenzyl ester 51 as a solid 

obtained by crystallization, i.e. no chromatography is required to separate it 
from the 1 ,3-dibenzyl ester also obtained. Treatment of compound 51 with 
oxalyl chloride and the appropriate amine (R1R2NH) in the presence of Hunig's 
base affords the diamide 52. Catalytic hydrogenation (for example, using a 

15 palladium on carbon catalyst, hydrogen, and a methanol-ethyl acetate solvent 
system) to remove the benzyl protecting groups affords the desired diacid 
diamide 2. 

A procedure for preparing reverse amides is shown in Scheme XII. A 
dicarboxylic acid where R20 is loweralkyl or benzyl (for example, a diester 6 

20 whose preparation was shown in Scheme II) is reacted with 

diphenylphosphoryl azide in an inert solvent (for example, in benzene or 
toluene and the like) in the presence of triethylamine followed by tert-butanol to 
give the bis(Boc-protected amine) 5£. The protecting group is removed-with 
trifluoroacetic acid to give the diamine 54 as its trifluoroacetate salt. This 

25 diamine is reacted with an acid (R2COOH) 55 under amide coupling conditions 
(for example, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCI, 1- 
hydroxybenzotriazole hydrate, and triethylamine in THF) to give the diamide 
56. Removal of the carboxy protecting groups (for example, hydrolysis of 
esters using sodium hydroxide in methanol-water or catalytic hydrogenation of 

30 benzyl esters) affords the diacid di-reverse amide 57. 

A procedure for preparing N-substituted reverse amides is shown in 
Scheme XIII. The diamine 54 where R20 is loweralkyl or benzyl, prepared in 
Scheme XII, is reacted with an acid chloride (R a *C(0)CI wherein R a * is 
loweralkyl, cycloalkyl or cycloalkylalkyl) in the presence of triethylamine to give 
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diamide §8. Reduction of the amide functionality (for example, using borane- 

tetrahydrpfuran complex) affords the substituted amine compound §9. 

Treatment of 52 with the acid chloride of R2-C(0)OH in the presence of 

triethylamine affords the diester diamide £Q. Removal of the carboxy protecting 
5 groups (for example, hydrolysis of esters using sodium hydroxide in methanol- 

water or catalytic hydrogenation of benzyl esters) affords the diacid di- 

substituted reverse amide SI. 

An alternate procedure for preparing N-substituted reverse amides is 

shown in Scheme XIV. The diacid S is converted to the N-protected diamine 
10 65 (for example, by reaction with oxalyl chloride, followed by reaction with 

sodium azide, followed by reaction with 

t-BuOH and CuCI). Reaction of S5 with R a -L (R a is loweralkyl, cycloalkyl or 
cycloalkylalkyl and L is a leaving group such as CI, Br, I or a sulfonate) in the 
presence of a non-nucleophilic strong base (for example, NaH), followed by N- 
15 deprotection provides 66. Diamine SS can be converted to §1 as described in 
Scheme XIII. 

An alternative preparation of optically active compounds of the invention 
is shown in Scheme XV. The dibenzyl ester 51, prepared in Scheme XI, forms 
a salt with (-)-norephedrine in ethanol, and the desired optically active (-)- 

20 isomer crystallizes from solution. Separation of the salt of the (-)-isomer, 
followed by acidification affords the desired optically active dicarboxylic acid 
£2. Compound S£ is reacted with R1R2NH to give the optically active diamide 
63. Catalytic hydrogenation of compound S3 affords the optically active 
dicarboxylic acid S4> 

25 The preparation of several carboxylic acid surrogates is shown in 

Scheme XVI. Amine £5 is prepared by the procedures outlined in the 
preceding schemes. Compound £S is prepared from 3,4-dihydroxy-3- 
cyclobutene-1,2-dione and benzyl alcohol in toluene using a Dean-Stark trap 
and a catalytic amount of p-toluenesulfonic acid. Compound £5 is reacted with 

30 compound 6S in DMF with heating to give compound SL Catalytic 
hydrogenation of compound SZ removes the protecting groups to give 
compound SS. 

Mono-carboxylic acid S9. is prepared by the procedures described in the 
preceding schemes. The carboxylic acid group of compound S3 is activated 



WO 96/34850 



-54- 



PCT/US96/06156 



(for example, using N-methylmorpholine and isobutyl chloroformate) and then 
reacted with tert-butyl carbazate to give the protected hydrazino carbonyl 
compound. Treatment with hydrogen chloride in dioxane affords the free 
hydrazino carbonyl compound ZQ. Compound 2Q is reacted with phosgene in 
5 toluene to give cyclic compound 21. Debenzylation by catalytic hydrogenation 
affords the desired compound 22. 

The preparation of other carboxylic acid surrogates is shown in Scheme 
XVII. Mono-carboxylic acid 6JJ is prepared by the procedures described in the 
preceding schemes. The carboxylic acid group of compound fig is activated 

10 (for example, using carbonyldiimidazole) and then reacted with 

methanesulfonamide to give sulfonamido compound 72. Debenzylation by 
catalytic hydrogenation affords the desired compound 74. 

Mono-carboxaldehyde 25 is prepared by the procedures described in 
the preceding schemes. 2,2,6-Trimethyl-4H-1,3-dioxin-4-one is treated with a 

15 base such as lithium diisopropylamide and 1,3-dimethyl-3,4,5,6-tetrahydro- 
2(1H)-pyrimidone and then reacted with carboxaldehyde 25 to give compound 
2£. Treatment with potassium carbonate in methanol gives lactone 22- 
Debenzylation by catalytic hydrogenation affords the desired compound 2fi. 
Several methods for preparing prodrugs are illustrated in Scheme XVIII. 

20 Diamide diacid (wherein Ri, R2 and Q are as previously defined herein) 2S is 
mono-activated (for example, using carbonyldiimidazole) in an inert solvent 
such as methylene chloride and treated with an alcohol (RgOH) to give 
compound SQ. Alternatively, the diacid 2£ is treated with a base (for example, 
sodium hydride) and sodium iodide in an inert solvent such as DMF and then 

25 reacted with a prodrug group (L-R 6 ) having a leaving group L (for example, a 
halide or a mesylate) to give compound SQ. 

Alternatively the diamide dibenzyl ester fil is converted to the mono- 
carboxylic acid S2 using one equivalent of a base (for example, lithium 
hydroxide). The mono-carboxylic acid 22 is reacted with an alcohol (R60H) 

30 under coupling conditions (for example, 1-(3-dimethylaminopropyl)-3- 

ethylcarbodiimide hydrochloride and dimethylaminopyridine in DMF) to give 
the protected prodrug £3. Catalytic hydrogenation (for example, using a 
palladium on carbon catalyst) in solvent such as ethyl acetate effects 
debenzylation to afford compound fi4_- 
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The preparation of compounds having an optically active R2 side chain 
is illustrated in Scheme XIX. The appropriate chiral oxazolidinone 85, (4S.5R) 
to give an (S)-side chain or (4R,5S) to give an (R)-side chain, is reacted with an 
activated (where T is an activating group, for example, a pivaloyloxy group or a 

5 halide) phenyl acetic acid gg (where Z and R4 are as previously defined 
herein) in the presence of an aprotic base such as triethylamine to give the N- 
acylated oxazolidinone SL The oxazolidinone is alkylated by treatment with 
NaN(Si(CH3)3)2 in THF followed by addition of the activated side chain (M-L 
where L is a leaving group such as halide or sulfonate) to give chiral 

10 compound gg. Oxazolidinone gg is treated with 30% hydrogen peroxide 
followed by lithium hydroxide in THF and water to give the substituted phenyl 
acetic acid g2. The phenyl acetic acid g2 is reacted with diphenylphosphoryl 
azide in the presence of triethylamine followed by the addition of methanol to 
give carbamate 2Q. Compound 2£ is reduced (for example, using lithium 

15 aluminum hydride) to give amine SI. The amine is coupled with the carboxylic 
acid functionalities of compound 22 (for example, using oxalyl chloride and a 
catalytic amount of DMF to give the acid chlorides) to give compound 23. 
Debenzylation by catalytic hydrogenation affords the diamide diacid 24. 
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SCHEME XVII 
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The foregoing may be better understood by reference to the following 
examples which are provided for illustration and not intended to limit the scope 
of the inventive concept. 

5 The following abbreviations were used AgOBn for silver benzoate, BOP- 

Cl for bis(2-oxo-3-oxazo!idinyl)phosphinic chloride, n-BuLi for n-butyl lithium, 
DIBAL for diisobutylaluminum hydride, DMAP for dimethylaminopyridine, DME 
for dimethoxyethane, DMF for dimethylformamide, DMSO for dimethylsulfoxide, 
EDCI for 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, Et3N 

10 for triethylamine, Et20 for diethyl ether, EtOAc for ethyl acetate, EtOH for 
ethanol, HOAc for acetic acid, HOBT for 1-hydroxybenzotriazole, LAH for 
lithium aluminum hydride, LDA for lithium diisopropylamide, MeOH for 
methanol, Pd/C for palladium on carbon, THF for tetrahydrofuran, and TPAP for 
tetrapropylammonium perruthenate. 

15 

Example 1A 

N-Methyl-N-(4-phenoxyb enzyl)amine 
4-Phenoxybenzaldehyde (10.0 g, 0.05 mol), excess methylamine and 
1.5 g of 10% Pd/C in 200 mL of methanol were stirred under an atmosphere of 
20 hydrogen for 16 hours. After removal of the catalyst by filtration through 

Celite®, the filtrate was concentrated under reduced pressure to give the crude 
product as an oil. Chromatography on silica gel eluting with ethyl acetate gave 
the title compound in 80%. 

25 Example 1B 

N-/-P»tyl-N-(4-phenQxyben?yl)amine 
4-Phenoxybenzaldehyde (10.0 g, 0.05 mol), excess isobutylamine and 
1 .0 g of 10% Pd/C in 200 mL of ethanol were stirred under an inert atmosphere 
for 16 hours followed by an atmosphere of hydrogen for 16 hours. After 
30 removal of the catalyst by filtration through Celite®, the filtrate was 

concentrated under reduced pressure to give the crude product as an oil. The 
oil was dissolved in ether and precipitated by treatment with anhydrous HCI. 
The solid was filtered, washed with ether, and partitioned between ethyl 
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acetate and 1M NaOH. The ethyl acetate solution was washed with brine, 
dried over Na2S04, and evaporated to give the title compound in 93% yield. 

Examples 2-1 Q 

5 The following compounds were prepared by the procedures described 

in Examples 1A or 1B using the appropriate aldehydes and amines. 





R'— CHO + 


„-<" _ 


H 


Ex. 
No. 


R'- 


Ri- 


Product 


2 


0--0- 


CH3CH2- 


< 

CH 3 


3 


o-°o- 


ch 3 ch 2 ch 2 - 


s 


4 


O~ 0- O 


CH3- 


CH 3 

H 



WO 96/34850 PCT/US96/06156 

-79- 



Ex. 
No. 


R'- 


Ri- 


Product 


5 


/=\ 


CHo- 


> — f h 


6 


f -0-o-0- 

* 


CH3- 




7 


f -0-°~O 


CH 3 - 




8 




CH 3 - 


CH 3 


9 




Cyclopropyl 





*The aldehyde was prepared from 4-fluorophenol and 4-bromobenzaldehyde. 



5 Example 10 

N,N-Di(4-phenoxybenzyl)amine 
4-Phenoxybenzaldehyde was reacted with ammonium acetate to give 
the title compound. 



10 
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Example 1 1 
N-ProDarayl-N-M-phen oxvbenzynaminft 
4-Phenoxybenzaldehyde (5.0 g, 25.2 mmol) and propargylamine (1.46 
g, 26.5 mmol) were dissolved in 100 mL of 1% acetic acid in methanol under 
5 an atmosphere of dry nitrogen. Sodium cyanoborohydride (1.66 g, 26.5 mmol) 
was added, and stirring was continued for 18 hours at which time the solvent 
was removed under reduced pressure. The residue was suspended in ether, 
washed with 5% NaHCC>3 and brine, and dried over Na2S04 to give 5.6 g 
(93%) of the title compound. 

10 

Example 12 
N-Benzvl-N-f4-phennY ybenzvnamina 
The title compound was prepared by the method described in Example 
1 1 substituting benzylamine for propargylamine. 

15 

Example 13 
(1 a.2B.3B.4nri-1 ■g-DirN-methvl-N-^- 

phenoxvbenzvl)aminocarbonvncvclQbutan e-3.4-dicarhnYy iin ariH 
To a solution cooled in an ice bath of 1 ,2,3,4-cyclobutanecarboxylic 

20 dianhydride (3.42 g, 17.4 mmol) in 30 mL of dimethylformamide was added 
triethylamine (3.51 g, 3.47 mmol). The mixture was then treated with N-methyl- 
(4-phenoxybenzyl)amine (10 g, 4.74 mmol) in 20 mL of dimethylformamide 
dropwise over 20 minutes. After stirring at ambient temperature overnight, the 
dimethylformamide was removed under reduced pressure to give a crude solid 

25 mixture. The crude solid was taken up in ethyl acetate, washed with dilute 
hydrochloric acid, water and saturated sodium chloride solution, dried over 
sodium sulfate, filtered and concentrated in vacuo. When solid began 
precipitating from solution, the mixture was cooled over an ice bath for 1 hour 
and then filtered. The combined filtrates were evaporated to give an oil product 

30 which was chromatographed on silica gel eluting with 94:5:1 chloroform- 
methanol-acetic acid to give 3 g (28%) of the title compound, m.p. 105- 
108 °C. 1 H NMR (DMSO-d 6 , 300 MHz) 8 2.91 (s, 6H), 3.30 (d, 2H), 4.02 (d, 
2H), 4.20 (d, 2H), 4.37 (d, 2H), 6.89-7.20 (m, 18H). MS m/e 623 (M+H) + . 
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Example 14 

(1 a ,2P.3MbH ,^DirN"methyhN;(4- 
benzvloxvbenzvhaminocarbonvncvclobutane-3.4-dicarboxvlic acid 
To a solution of 1 ,2,3,4-cyclobutanecarboxylic dianhydride (0.44 g, 2.29 
5 mmol) and triethylamine (0.63 mL, 4.58 mmol) in dimethylformamide (20 mL) at 
0 °C under nitrogen was added the compound resulting from Example 5 (1.3 
g, 5.75 mmol). The reaction was stirred at 0 °C for 2 hours and then allowed to 
warm to ambient temperature overnight The DMF was removed under 
reduced pressure, and the oily residue was partitioned between ethyl acetate 
10 and water. The organic phase was washed with 1 N HCI, water and brine,, 
dried over magnesium sulfate, filtered and evaporated under reduced pressure 
to give crude product. Flash silica gel chromatography eluting with 94:5:1 
CHCI 3 -MeOH-HOAc yielded 22% of the 1 ,2-di[N-methyl-N- 
(benzyloxybenzyl)aminocarbonyI]cyclobutane-3,4-dicarboxylic acid isomer. 
15 m.p. 210-212 °C. MS m/e 651 (M+H) + . 

Example 15 
(1ff t gP,3g,4ff)>1,2-DifN-benzyl-N-(4> 

phenoxybenzyl)aminocarbQnyllpyQ|QbMtane-3,4-dicarboxy|ic acid 
20 To a solution of 1 ,2,3,4-cyclobutanetetracarboxylic dianhydride (0.5 g, 

2.54 mmol) in THF (5 mL) was added N-benzyI-N-(4-phenoxybenzyl) amine 
(1 .47 g, 5.08 mmol) in THF (5 mL) at 25 °C. The initial slurry became 
homogeneous after stirring at 25 °C for 25 minutes. The solution was stirred 
one additional hour, then poured into 100 mL of ethyl acetate. The organic 
25 layer was washed successively with 50 mL 1 N H3P04, 50 mL 10% NaHC03 
and 50 mL 10% NaCI, then dried over anhydrous sodium sulfate, filtered and 
solvent removed in vacuo to afford 2.2 g of a white foamy solid. The crude 
product containing both isomers was purified by silica gel chromatography 
eluting with 94:5:1 CHCl3-MeOH-HOAc. The slower moving product was 
30 isolated in 6% yield and characterized as 1 ,2-Di[N-benzyl-N-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid. 1 H NMR 
(CDCI 3 + CD3OD, 500 MHz) 8 3.95-4.05 (m, 2H), 4.39-4.16 (m, 8H), 4.41-4.52 
(m, 2H) ( 4.65-4.76 (m, 2H), 6.82-7.36 (m, 28H). MS (DCI/NH3) m/e 775 
(M+H) + . 
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Examples 16-30 

The following examples were prepared using the general procedures 
5 described in Example 13. 

HOOC v ^OOOH 



Ex. 
No. 


Rl 


R2 


m.p. 

°c 


16 


Ethyl 




90-93 


17 


Propyl 






18 


Methyl 




81-82.5 


19 


"-0~°-0 


/-0- 6_ 0 


82-83 
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Ex. 


Ri 


R 2 




m.p. 


No. 








°c 


20 


Methyl 


/~0~° 


-Q- f 


63-65 


21 


Methyl 


0— 




90-93 






O 




22 


Methyl 


-O 


\ V 


73-75 


23 


i-Propyl 




°-0 


103-107 


24 


i-Butyl 






* 


25 


n-Propyl 


/V-/" 




* 


26 


n-Butyl 






* 
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Ex. 
No. 


Rl 


R 2 m.p. 

°C 


27 


-CH 2 -CsCH 




28 


N-Pentyl 




29 


-CH 2 -CH=CH 2 




30 


Cyclopropyl 


✓-O-O 94 " 99 



* Amorphous solid 



Ex. No. DATA 

17 1 H NMR (DMSO-d 6 , 300 MHz) 8 0.80 (m, 6H), 1 .46 (m, 4H), 2.70- 
3.00 (m, 4H), 3.60 (m, 2H), 3.92 (m, 2H), 4.27 (m, 2H), 
4.70 (dd, 2H), 6.87-7.43 (m, 18H) 

24 1 H NMR (CDGI 3l 500 MHz) 8 0.85 (m, 12H), 1 .92 (m, 2H), 

3.02 (m, 4H), 4.01 (m, 4H), 4.39-4.62 (m, 4H), 6.86-7.35 (m, 18H) 

25 1 H NMR (CDCI 3 , 500 MHz) 8 0.80 (m, 6H), 1 .50 (m, 4H), 

3.15 (m, 4H), 3.95 (m, 8H), 4.10-4.62 (m, 4H), 7.05-7.30 (m, 18H) 
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Ex. No.- 


DATA 


26 


1 H NMR (CD 3 OD), 500 MHz) 8 0.90 (m, 6H), 1 .31 (m, 4H), 

1.4- 1.6 (m, 4H), 2.98 (m, 1H), 3.12 (m, 1H), 3.3-3.45 (m, 1H), 

3.5- 3.62 (m, 1H), 3.73-3.8 (m, 3H), 4.08-4.16 (m, 3H), 
4.32-4.43 (m, 3H), 4.62-4.82 (m, 1H), 6.8 -7. (m, 8H). 7.1 (m, 2H), 
7.19-7.35 (m, 8H) 


27 


•H NMR (CDUI3, 500 MHz) 6 2.19 (m, 2H), 3.86 (m, 6H), 
4.12 (m, 2H), 4.25 (m, 2H), 4.42 (m, 2H), 4.59 (m, 1H), 
4.80 (m, 1 H), 6.83-7.40 (m, 18H) 


CO 


1H NMR fODCIo 500 MH7^ K O /m PM\ 1 OA irr\ qu\ 

3.12 (m, 2H), 3.24 (m, 2H), 3.47 (m, 2H), 3.96 (m, 2H), 
4.12 (m, 2H), 4.53 (m, 4H), 6.88-7.36 (m, 18H) 


29 


1H NMR (CDCI3, 500 MHz) 8 3.73 (m, 2H), 3.82 (m, 4H), 
4.11 (m, 4H), 4.37 (m, 2H), 4.55 (m, 1H), 4.73 (m, 1H), 
5.13 (m, 4H), 5.72 (m, 2H), 6.90-7.35 (m, 18H) 
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Example 31 
(1a.2S.3S.4^-1.2-DirN- C vrJ 0 h fiX vlmethvl-N- 
PhenoxvbenzvnaminocarbonvllcvclobtJt ane-3.4- dicarboxvlic acid 
To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.3 g, 1.5 
5 mmol) in CH 3 CN (1 mL) was added N-cyclohexylmethyl-N- 

phenoxybenzylamine (0.95 g, 3.21 mmol) in CH 3 CN ( 10 mL). The slurry was 
stirred for 5 minutes at 20 °C resulting in a homogeneous solution. The 
solution was stirred for 20 hours at 20 °C then concentrated in vacuo to a 
white foam. The foam was dissolved in 100 mL of ethyl acetate and washed 
10 successively with 50 mL 1 N H3PO4 and 10% NaCI, then dried over anhydrous 
sodium sulfate, filtered and solvent removed in vacuo to afford 1.0 g of a white 
foamy solid. The crude product containing both isomers was purified by silica 
gel chromatography eluting with 94:5:1 CHCI 3 -MeOH-HOAc. The slower 
moving product was isolated in 14% yield and characterized as 1,2-di[N- 
15 cyclohexylmethyl-N-phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 

dicarboxylic acid. 1H NMR (CDC! 3 , 500 MHz) 8 7.32-6.87 (m, 18H), 4.67-4.36 
(m, 4H), 3.88-4.13 (m, 4H), 2.95-3.20 (m, 4H), 1.52-1.69 (m, 8H), 1.07-1.14 (m, 
8H), 0.78-0.88 (m, 6H). MS (FAB+) m/e 787, (FAB") 785. 

20 Example 32 

(1«.2B.3B.4a)-1.2-DirN-Phenvl-N-Phenoxvben?vha minocarbonvl)cvclobutane- 

3.4-dicarboxylic acid 
To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.5- g, 2.5 
mmol) in DMF (5 mL) was added N-phenyl-N-phenoxybenzylamine HCI (1.6 g, 

25 5.1 1 mmol), prepared by the procedures described in Example 1 1 , in DMF (5 
mL) followed by EfcN (0.71 mL, 5.1 1 mmol). The slurry was stirred for 5 
minutes at 20 °C resulting in a homogeneous solution. The solution was 
stirred 20 hours at 20 °C, then concentrated in vacuo to a white foam. The 
foam was dissolved in 100 mL of ethyl acetate and washed successively with 

30 50 mL 1 N H 3 PC>4 and 1 0% NaCI, then dried over anhydrous sodium sulfate, 
filtered and solvent removed in vacuo to afford 0.5 g of a clear oil. The crude 
product containing both isomers was purified by silica gel chromatography 
eluting with 94:5:1 CHCI 3 -MeOH-HOAc. The slower moving product was 
isolated in 3% yield and characterized as 1 ,2-di[N-phenyl-N- 
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phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid. 1 H NMR 
(DMSO-de, 300 MHz) 8 7.44-6.81 (m, 28H), 4.99-4.60 (m, 4H), 3.44-3.21 (m, 
4H). MS (FAB +) m/e 747, (FAB ") 745. 

5 Example 33 

g tt.2B.3B.4nri-1 .2.DirN-4-methoxvb e n?yl-N-4. 

phenoxvben2vhaminocarbonvncvclobutane-3.4-dicarboxvlic acid 
Following the procedures described in Example 31 and substituting N-4- 

methoxybenzyl-N-4-phenoxybenzylamine(1.02 g, 3.4 mmol), prepared by the 
10 procedures described in Example 11, for N-cycIohexylmethyl-N- 

phenoxybenzylamine afforded 1.2 g of crude product as a white foamy solid. 

The crude product containing both isomers was purified by silica gel 

chromatography eluting with 94:5:1 CHCl3-MeOH-HOAc. The slower moving 

product was isolated in 27% yield and characterized as the title compound. 1 H 
15 NMR (CDCI3, 500 MHz) 8 7.32-6.75 (m, 26H), 4.69-4.62 (m, 4H), 4.45-4.44 (m, 

1H), 4.21-4.32 (m, 4H), 3.92-3.98 (m, 1H), 3.69-3.74 (m, 8H). MS (FAB+) m/e 

835, (FAB*) 833. 

Example 34 

20 (1 <x.2B.3B.4an .2-DifN-^-tt-methylbenzyl-N-4- 

phenoxvbenzvhaminocarbonvncvclobutane-3.4- dicar boxvlic acid 
To a slurry of 1,2,3,4-oyclobutanetetracarboxylic dianhydride (0.3 g, 1.5 
mmol) in CH3CN (6 mL) was added N-4-phenoxybenzyl-N-(S)-a- 
methylbenzylamine (1 .02 g, 3.4 mmol), prepared by the procedures described 

25 in Example 11, in CH3CN (3 mL) containing Et3N (0.1 mL, 0.7 mmol). The 
slurry was stirred for 5 minutes at 20 °C, resulting in a homogeneous solution 
which was stirred 20 hours at 20 °C. The solution was diluted with 100 mL of 
ethyl acetate and washed successively with 50 mL 1 U H3PO4 and 10% NaCI, 
then dried over anhydrous sodium sulfate, filtered and solvent removed in 

30 vacuo to afford 0.9 g of a white foamy solid. The crude product containing both 
isomers was purified by silica gel chromatography eluting with 94:5:1 CHCI3- 
MeOH-HOAc. The slower moving product was isolated in 12%. yield and 
characterized as the title compound. 1 H NMR (DMSO-d6, 300 MHz) 8 1 .28- 
2.05 (m, 6H), 3.58-3.98 (m, 4H), 4.01-4.16 (m, 1H), 4.19-4.41 (m, 1H), 4.71-4.76 
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(m, 1H), 4.91-5.18 (m, 1H), 6.02-6.06 (m, 2H), 6.72-7.38 (m, 28H) , 10.12 (bs, 
2H). MS.(FAB+) m/e 803, (FAB*) 801. 

Example 35 

5 (la^B-SB^^-l^-DirN-rffl-nt- methvlbBnTx/l-N-A. 

PhenPXVbenzvnaminocarbonvncvclobutane-a 4- dicarhnyy tir ariH 
Following the procedures described in Example 34 and substituting N-4- 
phenoxybenzyl-N-(fl)-c-methylbenzylamine (1.02 g, 3.4 mmol), prepared by 
the procedures described in Example 1 1 , 1or N-4-phenoxybenzyl-N-(S)-oc- 
10 methylbenzylamine afforded 1 .0 g of crude product as a white foamy solid. The 
crude product containing both isomers was purified by silica gel 
chromatography eluting with 94:5:1 CHCI 3 -MeOH-HOAc. The slower moving 
product was isolated in 17% yield and characterized as the title compound. 1 H 
NMR (CDCI 3 , 500 MHz) 8 1.38-1.54 (m, 6H), 3.60-3.82 (m, 4H), 4.01-4.05 (m, 
15 1H), 4.15-4.18 (m, 1H), 4.27-4.30 (m, 1H), 4.44-4.48 (m, 1H), 5.96-5.97 (m, 2H), 
6.69-7..46 (m, 28H) , 10.12 (bs, 2H). MS (FAB+) m/e 803, (FAB") 801. 

Example 36 
( 1 «.2B.3B.4fri-1 .2-Dif N. benzvl.N-m-phflnyl-9 A- 

20 pentadienvnaminocarbon vncvclobutane-3.4-dicarhnxvlin ? riri 

Following the procedures described in Example 34 and substituting N- 
(5-phenyl-2,4-pentadienyl)-N-benzylamine (1.02 g, 3.4 mmol), prepared by the 
procedures described in Example 11, for N-4-phenoxybenzyl-N-(S)-a- - 
methylbenzylamine afforded 0.9 g of crude product as a white foamy solid. The 

25 crude product containing both isomers was purified by silica gel 

chromatography eluting with 94:5:1 CHCI 3 -MeOH-HOAc. The slower moving 
product was isolated in 11% yield and characterized as the title compound. 1 H 
NMR (DMSO-ds, 300 MHz) 5 3.35-3.72 (m, 4H), 3.88-4.16 (m, 4H), 4.19-4.41 
(m, 2H), 4.67-4.87 (m, 2H), 5.30-5.40 (m, 2H), 5.70-5.83 (m, 2H), 6.26-6.43 (m, 

30 2H), 6.53-6.75 (m, 2H), 6.81-6.98 (m, 2H), 7.21-7.44 (m, 18H), 12.55 (bs, 2H). 
MS (FAB+) m/e 695. 
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Example 37 
M-f 1 a.2B.3B.4«M .2- Dif N -pro pvl-N-f 4- 
ph9noxvbenzvhaminocarbonvncvclobutane-3.4-dicarboxylic acid 

5 Example 37A 

( FU-seoPhenethvl 1 1 ft.2B.3B.4«1-1 .2-dirNI.prnpyl.NU4. 
phenoxvben2vnamlnocarbonvncvclobutane-3.4-dicarboxylate 
A solution of 1 ,3-dicyclohexylcarbodiimide (1.26 g, 6.0 mmol), 4- 
dimethylaminopyridine (72 mg, 0.6 mmol)', and 80 mL diethylether was added 

10 dropwise to a 0 °C solution of (+/-)-1 ,2-di[N-propyl-N- 

(phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid, the 
compound resulting from Example 17, (2.0 g, 2.9 mmol), fl-(-)-sec-phenethyl 
alcohol (0.73 g, 6.0 mmol), and 20 mL diethylether. The reaction mixture was 
stirred for 0.25 hour at 0 °C and for 18 hours at room temperature, then was 

15 diluted with diethylether and filtered. The filtrate was washed with 0.5 N HCI, 
H2O, saturated aqueous NaHC03, and was dried over MgS04, filtered, and 
solvent evaporated under reduced pressure to afford 2.6 g of crude product as 
a white foam. The crude product was chromatagraphed on silica gel, eluting 
with 20% diethylether in hexanes to afford 0.22 g of the desired product as a 

20 single diastereomer. *H NMR (CDCI3, 300MHz) 8 0.70-0.81 (m, 6H), 1.20- 

1.31 (m, 2H), 1.35-1.46 (m, 2H), 1.50-1.65 (m, 6H), 2.75-2.95 (m, 2H), 3.10-3.25 
(m, 2H), 3.82-4.18 (m, 6H), 4.31-4.48 (m, 2H), 5.72-5.83 (m, 1H), 5.85-5.96 (m, 
1H), 6.84-7.02 (m, 10H), 7.02-7.15 (m, 4H), 7.22-7.40 (m, 14H). MS (FAB) m/e 
925 (m+K)+ 

25 

Example 37B 
M-i 1 a.2B.3B.4nri-1 .2- DirN.propyl-N-(4- 
phenoxvbenzvl>aminocarbonvl1cvclobu1ane-3.4-dicarboxylic acid 
The compound resulting from Example 37A (0.22 g, 0.2 mmol) was 
30 dissolved in 100 mL of EtOAc and hydrogenated at 4 atmospheres of hydrogen 
at room temperature over Pd/C (0.15 g, anhydrous) for 23 hours. The reaction 
mixture was filtered and solvent evaporated in vacuo to afford 0.14 g of crude 
product as a light yellow solid. The crude product was triturated with 
hexane/ether to afford 0.13 g as a colorless glass. The glass was lyophilized to 
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afford 0.1 1 g of the title compound as a white powder. 1 H NMR (CD30D, 300 
MHz) 8 0,82-0.97 (m, 6H), 1.48-1.68 (m, 4H), 2.88-3.00 (m, 1H), 3.02-3.20 (m, 
1H), 3.29-3.34 (m, 3H), 3.45-3.68 (m, 1H), 3.72-3.85 (m, 2H), 4.08-4.22 (m, 2H), 
4.31-4.44 (m, 2H), 4.65-4.81 (m , 2H), 6.86-7.00 (m, 8H), 7.05-7.14 (m, 2H), 
5 7.18-7.38 (m, 8H). MS (FAB) m/e 701 (m+Na)+. Anal calcd for C40H42N2O8 • 
1.5 H 2 0:C, 68.07; H, 6.43; N, 3.97. Found: C, 68.27; H, 6.01; N, 3.92. [<x] D = 
-77.4° (c=0.90, MeOH). 

Example 38 

10 Ma.2B.3B.4ttM.2-DirN- P r Q pvl-N-fP-M. 

DhenoxvDhenvnethvhaminQcarbonvl1cycl obutane-3.4-dicarboxylic acid 

Example 38A 
4-Phenoxystyrene 

15 To a suspension of methyltriphenylphosphonium bromide (7.85 g, 22 

mmol) in THF (10 mL) was added potassium ferf-butoxide (1.0 M solution in 
THF, 22 mL). After 30 minutes, 4-phenoxybenzaldehyde (3.96 g, 20 mmol) 
was added to the above mixture. The reaction was diluted with equal volume 
of hexane after 20 minutes and filtered through silica gel (80 g). The residue 

20 was rinsed and washed with 20% ether in hexane. Concentration of the filtrate 
in vacuo gave the crude product as an off white solid which was used without 
further purification. 

Example 38B 

25 2-(4-Phenoxynhenynethyl alcohol 

To the compound resulting from Example 38A in THF (40 mL) was 
added borane-methyl sulfide solution (10 M, 1.6 mL, 16 mmol). After 3 hours, 
the reaction was cooled with an ice-water bath, and anhydrous ethanol (5 mL) 
was added carefully to destroy excess borane. Aqueous sodium hydroxide 

30 (15%, 4 mL) was added, followed by 30% hydrogen peroxide (4 mL). The 
resulting mixture was refluxed for 1 hour, cooled to room temperature, then 
extracted with ether (80 mL). The organic phase was then washed with water 
(20 mL x 2), brine (20 mL), dried with anhydrous magnesium sulfate, filtered, 
and concentrated in vacuo. The residue was then purified by column 
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chromatography eluting with 20% ethyl acetate in hexane, followed by 100% 
ether to give the title compound as the second fraction (2.32 g, 54%, 2 steps). 
1H NMR (300 MHz, CDCI 3 ) 6 7.37-6.94 (m, 9H), 3.87 (q, 2H), 2.86 (t, 2H), 1 .37 
(t, 1H). 

Example 38C 
4-(2-Chloroethvnphenvl phenyl ether 
To a -78 °C solution of the compound resulting from Example 38B (3.64 
g, 17.0 mmol) in anhydrous methylene chloride (40 mL) was slowly added 
phosphorus trichloride (2.61 g, 19.0 mmol). The cold bath was then removed, 
and the reaction was allowed to warm to room temperature over 1 hour. The 
reaction mixture was then slowly poured into an ice-cooled saturated sodium 
bicarbonate solution (50 mL), and extracted with ether (100 mL). The organic 
phase was washed with water (30 mL x 2) and brine (20 mL), dried over 
anhydrous magnesium sulfate, filtered through silica gel, and concentrated in 
vacuo. The crude product was used without further purification for the next 
step. 1H NMR (300 MHz, CDCI3) 6 7.72-6.93 (m, 9H), 3.56 (t, 2H), 3.15 (t, 2H). 

Example 38D 

2-(4-Phenoxvphenvnethyl phthalimide 
A solution of the product resulting from Example 38C and potassium 
phthalimide (3.78g, 20.4 mmol) in THF (40 mL) was refluxed for 16 hours, then 
concentrated to near dryness. The residue was titraturated with 1:1 ether- 
hexane (5 mL), and the solid was filtered and air dried. The crude product was 
used directly for the next step. 1H NMR (300 MHz, CDCI3) 8 7.85 (m, 2H), 7.72 
(m, 2H), 7.33-6.92 (m, 9H), 3.92 (t, 2H), 2.98 (t, 2H). 
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Example 3BE 
2-t4-Phenoxyphenvnethvlaminft 
A suspension of the crude compound resulting from Example 38D in 
ethanol (20 mL) was refluxed with hydrazine (0.65 mL, 20.4 mmol). The 
reaction mixture became homogeneous after about 10 minutes, and a white 
precipitate started to form in a short time. After 16 hours of refluxing, the 
reaction mixture was cooled to room temperature, filtered, and washed with 
ethanol (5 mL x 3). The filtrate was diluted with ether (100 mL) and washed 
with 10% sodium carbonate (20 mL), water (30 mL) and brine (20 mL), dried 
over anhydrous potassium carbonate, filtered and concentrated in vacuo. The 
crude amine was used directly for the next step. 1H NMR (300 MHz, CDCI 3 ) 5 
7.35-6.94 (m, 9H), 2.98 (t, 2H), 2.72 9t, 2H) 

Example 38F 
N-f2-(4-Phenoxvtohenynet hvlDroDionamirifi 
To the solution of crude amine resulting from Example 38E in methylene 
chloride (20 mL) and pyridine (5 mL) was added propionyl chloride (3.0 mL, 34 
mmol). After 6 hours, the reaction was diluted with ethyl acetate (80 mL), 
washed with water (20 mL), 10% aqueous hydrochloric acid (20 mL), water (20 
mL), saturated copper sulfate (20 mL), and brine (20 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by column chromatography eluting with 50% ethyl acetate in hexane to 
give the title compound (1.23 g, 27% for 4 steps). *H NMR (300 MHz, GDCI3): 
57.36-6.95 (m, 9H), 5.46 (bs, 1H), 3.51 (q, 2H), 2.80 (t, 2H), 2.19 (q, 2H), 1.15 
(t,3H). 

Example 38G 
N-Ethvl-N-(2-f4-phenoxv^Dhenvlethvn a min ft 
To a solution of the amide resulting from Example 38F (1.23 g, 4.57 
mmol) in THF (10 mL) was slowly added lithium aluminum hydride (1.0 M in 
THF, 4.6 mL). After the resulting mixture was refluxed for 3 hours, It was cooled 
to 0 °C, and water (0.18 mL), 15% aqueous NaOH (0.18 mL), and water (0.54 
mL) were carefully added. White precipitate formed, and the mixture was 
filtered through celite, washed with ether, and concentrated in vacuo to afford 
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pure title compound (1.05 g, 88%). 1 H NMR (300 MHz, CDCI 3 ) 8 7.35-6.92 (m, 
9H), 3.3G (bs, 1 H), 2.83 (m, 2H), 2.60 (t, 2H), 2.37 (dd, 2H), 1.49 (m, 2H), 0.92 (t, 
3H). 

5 Example 38H 

f 1 a.2B.3B.4ort-1 .2-Dif N-Dropvl-N-r2-r4- 
DhenoxvDhenvnethvhaminocarbonvHcvclobutane-3.4.dicarboxylic acid 
A mixture of the amine resulting from Example 38Q (0.942 g, 3.69 
mmol), 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.290 g, 1.48 mmol), 

10 triethylamine (0.62 mL, 4.4 mmol) and DMAP (50 mg) in acetonitrile (10 mL) 
was stirred overnight. The reaction mixture was concentrated in vacuo and 
partitioned between 20% aqueous HCI and 3 portions of ethyl acetate. The 
combined organic extracts were washed with brine, dried over magnesium 
sulfate, filtered and concentrated in vacuo. The residue was purified by column 

15 eluting with 1:1 CHCI 3 -EtOAc, followed by 50:50:2:1 CHCI 3 -EtOAc-MeOH- 
AcOH to give 1 ,3-diamide-2,4-diacid as the first fraction (0.436 g, 42%) 
followed by the title compound (0.477 g, 46%). ""H NMR (500 MHz, DMSO) 6 
7.40-6.91 (m, 18H), 3.04 & 2.95 (2 m's, 8H), 2.81 & 2.39 (m, 4H), 2.93 & 2.82 (2 
m's, 4H), 1 .64 & 1 .46 (2 m's, 4H), 0.91 & 0.82 (2 t's, 6H). MS (FAB*) m/e 705 

20 (M-H). 

Example 39 
(1 P,2 P , 3 B,4«)-1 ,2-Di[N-propyi-N-( 4- 
phepoxypheny|)aminocarbpnyl]cyclPbutane-3,4-dicarboxylic acid 

25 

Example 39A 
N-(4-Phenoxvlphenvlpropionamide 
To a solution of 4-phenoxyaniline (4.62 g, 25 mmol) in methylene 
chloride (50 mL) and pyridine (10 mL) was added propionyl chloride (3.3 mL, 
30 37.5 mmol). After 1 hour, the reaction mixture was diluted with ether (150 mL), 
washed with water (50 mL), 10% sodium carbonate (50 mL), 10% HCI (50 mL), 
saturated copper sulfate (50 mL), water (50 mL) and brine (30 mL), dried over 
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The title 
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compound amide was used without further purification. 1 H NMR (300 MHz, 
CDCI 3 ) 5 7.49 9d, 2H), 7.31 (t, 2H), 7.11-6.95 (m, 5H), 2.40 (q, 2H), 1.25 (t, 3H). 

Example 39B 
N-Propvl-f4-Dhenoxv^anilinB 
To a solution of the crude amide resulting from Example 39A in THF (30 
mL) was added lithium aluminum hydride (1.0 M in THF, 20 mL). After 14 
hours, the reaction was cooled in an ice bath, and water (0.80 mL), 15% NaOH 
(0.80 mL) and water (2.4 mL) were added sequentially. The resulting mixture 
was filtered through celite, washed with ether, and concentrated in vacuo to 
give the title compound (5.16 g, 91 % for 2 steps). 1H NMR (300 MHz, CDCI3) 
8 7.28 (m, 2H), 6.99 9t, 1H), 6.92 (m, 4H), 6.60 (d, 2H), 3.55 (bs, 1H), 3.06 (t, 
2H), 1.65 (sextet, 2H), 1.01 (t, 3H). 

Example 39H 
f1a.2B.3B.4^-1.2.r>ifN.prnp Y l-M.{A- 

Phenoxvphenvnaminocarbonyl]n VC lobutane-3.4-dicarboxvlir aniri 
A mixture of the compound resulting from Example 39B (0.908 g, 4.0 
mmol), 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.314 g, 1.6 mmol), 
triethyiamine (0.69 mL, 4.8 mmol) and DMAP (20 mg) in acetonitrile (10 mL) 
were reacted, worked up and purified by the procedures described in Example 
38H to give the 1 ,3-diamide-2,4-diacid as the first fraction (0.372 g, 36%) and 
the title compound as the second fraction (0.514 g, 49%). 1H NMR (500 MHz, 
CDCI3) 6 7.40-6.98 (m, 18H), 3.80-3.36 (m, 8H), 1.48 (m, 4H), 0.82 (t, 6H). MS 
(CI) m/e 651 (M+H). 
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Example 40 
(1 g, 2 P,3P.4tt)- 1 ,2-Pif N-(g-methQx yethy l )-N -( 4- 
phenoxvbenzynaminocarbonvncyclobutane-3.4-dicarboxylic acid 

5 Example 4QA 

N-t2-Methoxytethvl-N-f4-phenoxvlbenzylamine 
A mixture of 4-phenoxybenzaldehyde (1.98 g, 10 mmol) and 2- 
methoxyethylamine (0.751 g, 10 mmol) in ethanol (10 mL) was stirred for 1 
hour. Acetic acid (1 mL) and sodium cyahoborohydride (10 mmol) were 

10 added, and the reaction was stirred an additional 14 hours. The reaction 
mixture was then partitioned between ether and 10% aqueous sodium 
hydroxide solution. The organic layer was further washed with water and 
brine, dried over anhydrous potassium carbonate, filtered and concentrated in 
vacuo to give the title compound (2.48 g, 97%). ">H NMR (300 MHz, CDCI 3 ) 8 

15 7.30 (m, 4H), 7.09 (t, 1 H), 6.98 (m, 4H), 3.80 (s, 2H), 3.51 (t, 2H), 3.37 9s, 3H), 
2.51 (t, 2H). 

Example 40B 
Ma.2B.3B.4aV1 .2-Dif N-f2-methoxvethyn-N-r4- 
20 phenoxvbenzvhaminocarbonvncvclobutane-3.4-dicarboxvlic acid 

A mixture of the compound resulting from Example 40A (1 .38 g, 5.36 
mmol), 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.421 g, 2.15 mmol), 
triethylamine (0.90 mL, 6.5 mmol), and DMAP (50 mg) in acetonitrile (15 mL) 
were reacted, worked up and purified by the procedures described in Example 
25 38H to give the 1 ,3-diamide-2,4-diacid as the first fraction (0.468 g, 31%) and 
the title compound as the second fraction (0.807 g, 53%). 1 H NMR (500 MHz, 
DMSO) 8 7.40-6.97 (m, 18H), 4.87-4.66 (m, 2H), 4.45-4.26 (m, 2H), 4.13 - 
3.88(m, 2H), 3.67-3.48 (m, 4H), 3.47-3.30 (m, 4H), 3.19-3.13 (4 s's, 6H), 3.20- 
3.01 (m, 2H). MS (FAB+) m/e 711 (M+H). 
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Example 41 

( 1 g.2B.3B.4raH .2-DirN-te.m ethvlthioethyn.Kl.f4. 
phenoxvben2vl)aminoGarhf>nYl 1cvclobutane.3.4-diGarhnyYlir 

Example 41 A 
fM-(2-MethYlthio)nthvl-N-f4-nhRnoxv^ban7vl fl minp 
Following the procedures described In Example 40A, 4- 
phenoxybenzaldehyde (1.98 g, 10 mmol) and 2-(methylthio)ethylamine (0.912 
g, 10 mmol) were combined to give the title compound (2.53 g, 93%). 1H NMR 
(300 MHz, CDCI 3 ) S 7.32 (m, 4H), 7.09 (t, 1 H), 6.97 (m, 4H), 3.80 (s, 2H), 2.84 
9t, 2H), 2.68 (t, 2H),2.10(s,3H). 

Example 41 B 
(1 <x.2B.3B.4ttl-1 ^-nifN-p -methvlthinethyD-M^ 

Phenoxvbenzvl)aminocarbonyl1ny clobutane.3 4-dicarbowlifi ariri 
A mixture of the compound resulting from Example 41 A (0.682 g, 2.5 
mmol), 1,2,3,4-cyclobutanetetracarboxylicdianhydride (0.196 g, 1.0 mmol), 
triethylamine (0.42 mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10 mL) 
were reacted, worked up and purified by the procedures described in Example 
38H to give the 1 ,3-diamide-2,4-diacid as the first fraction (0.214 g, 29%) and 
the title compound as the second fraction (0.274 g, 37%). 1H NMR (500 MHz 
CDCI3) 8 7.32-6.87 (m, 18H), 4.70-4.14 (m, 6H), 3.97-3.84 (m, 2H), 3.76-3.23 ' 
(m, 4H), 2.53 (m, 4H), 2.02 (4 s's, 6H). MS (FAB+) m/e 743 (M+H). 

Example 42 
(1 0C.2B.3R.4nrM ^-DirN-^-ftt hvlthioethyh-Nf-f ^ 

Phenoxvbenzvnaminocarbonyllny olobutane-a 4-dicarboxy l»n »n\r\ 
Following the procedures described in Example 40A, 4- 
phenoxybenzaldehyde (1.98 g, 10 mmol), 2-(ethylthio)ethylamine hydrogen 
chloride (1.42 g, 10 mmol) and 20 mmol of sodium acetate were combined to 
give N-(2-ethylthio)ethyl-N-(4-phenoxy)benzylamine (2.72 g, 95%). 1H NMR 
(300 MHz, CDCI3): 8 7.33 (m, 4H), 7.09 (t, 1H), 6.98 (m, 4H), 3.78 (s, 2H), 2.84 
(t, 2H), 2.71 (t, 2H), 2.54 (q, 2H), 1 .26 (t, 3H). 
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A mixture of the amine prepared above (0.718 g, 2.5 mmol), 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol), triethylamine (0.42 
mL, 3.0 mmol) and DMAP (24 mg) in acetonrtrile (10 mL) were reacted, worked 
up and purified by the procedures described in Example 38H to give the 1 ,3- 
5 diamide-2,4-diacid as the first fraction (0.207 g, 27%) and the title compound 
as the second fraction (0.398 g, 52 %). 1H NMR (500 MHz, CDCI3) 8 7.32-6.87 
(m, 18H), 4.73-4.12 (m, 6H), 3.98-3.86 (m, 2H), 3.78-3.25 (m, 4H), 2.59 (m, 4H), 
2.46 (m, 4H), 1.17 (m, 6H). MS (FAB+) m/e 771 (M+H). 

10 Example 43 

( 1 «.2B.3B.4nrt-1 .2-DifN-f2-fluoroethvh-N-M- 
Dhenoxvbenzvhaminoca rbonvncyclobutane-3.4-dicarboxvlic acid 
Following the procedures described in Example 40A, 4- 
phenoxybenzaldehyde (1.98 g, 10 mmol), 2-fluoroethylamine hydrogen 
15 chloride (0.995 g, 10 mmol) and 20 mmol of sodium acetate were combined to 
give N-(2-fluoro)ethyl-N-(4-phenoxy)benzylamine (2.15 g, 88%). 1 H NMR (300 
MHz, CDCI3) 8 7.33 (m, 4H), 7.09 (t, 1H), 6.97 (m, 4H), 4.57 (dt, 2H), 3.73 (s, 
2H), 2.94 (dt, 2H). 

A mixture of the amine prepared above (0.613 g, 2.5 mmol), 1,2,3,4- 
20 cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol), triethylamine 
(0.42 mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10 mL) were reacted, 
worked up and purified by the procedures described in Example 38H to give 
the 1,3-diamide-2,4-diacid as the first fraction (0.195 g, 28%) and the title 
compound as the second fraction (0.377 g, 55 %). 1 H NMR (500 MHz, DMSO) 
25 8 7.39-6.90 (m, 1 8H), 4.88-4.73 (m, 2H), 4.65-4.1 5 (m, 6H), 4.06-3.90 (m, 2H), 
3.85-3.61 (m, 4H), 3.25 (m, 2H). MS (FAB+) m/e 687 (M+H). 

Example 44 
(1 a.2B.3B.4aV1 .2-PifN-i furan-2-vlmethvn-N-(4. 
30 phenoxvbenzvhaminocar bonvncvclobutane-3:4-dicarboxylic acid 

Following the procedures described in Example 40A, 4- 
phenoxybenzaldehyde (1.98 g, 10 mmol) and furfurylamine (0.9.71 g, 10 mmol) 
were combined to give N-(furan-2-yl)methyl-N-(4-phenoxy)benzylamine (2.43 
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g, 87%). 1H NMR (300 MHz, CDCI 3 ) 8 7.30 (m, 5H), 7.09 (t, 1 H), 6.98 (m, 4H), 
6.34 (m, 1 H), 6.19 (m, 1 H), 3.80 (s, 2H), 3.77 (s, 2H). . 

A mixture of the amine prepared above (0.698 g, 2.5 mmol), 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol), triethylamine 
(0.42 mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10 mL) were reacted, 
worked up and purified by the procedures described in Example 38H to give 
the 1,3-diamide-2,4-diacid as the first fraction (0.251 g, 34%) and the title 
compound as the second fraction (0.438 g, 58 %). NMR (500 MHz, CDCI3) 
8 7.39-6.90 (m, 20H), 6.27-6.13 (m, 4H), 4.89-3.92 (m, 12H).. MS (DCI) m/e 
755 (M+H). 

Example 45 
( 1 a.2B.3B.4aV1 .2-DirN-7t hien-2-vlmethyl^N.M. 

Phenoxvbenzvnaminocarbonvl1 cvclobutane.3.4-dicarbQyylin arjrt 
Following the procedures described in Example 40A, 4- 
phenoxybenzaldehyde (1.98 g, 10 mmol) and 2-thienylmethylamine (1.13 g, 10 
mmol) were combined to give N-(thien-2-yl)methyl-N-(4-phenoxy)benzylamine 
(2.87 g, 97%). 1H NMR (300 MHz, CDCI3) 8 7.35-6.92 (m, 12H), 4.01 (s, 2H), 
3.81 (s, 2H). 

A mixture of the amine prepared above (0.738 g, 2.5 mmol), 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (0.196 g, 1.0 mmol), triethylamine (0.42 
mL, 3.0 mmol) and DMAP (12 mg) in acetonitrile (10 mL) were reacted, worked 
up and purified by the procedures described in Example 38H to give the 1,3- 
diamide-2,4-diacid as the first fraction (0.1 93g, 25%) and the title compound as 
the second fraction (0.382 g, 49 %). 1H NMR (500 MHz, CDCI3) 8 7.37-6.82 
(m, 24H), 4.89-3.97 (m, 12H). MS (DCI) m/e 787 (M+H). 
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Example 46 
(1a.2B.3B.4^-1.2-D8rN-f2.ethyl thioethvh-N.U- 
Phenvlthioben2vhaminocarbonvl1evclQbutane .3.4-dicarboxylie aniri 
Following the procedures described in Example 40A, 4- 
phenylthiobenzaldehyde, 2-(ethylthio)ethylamine hydrochloride, sodium 
acetate and sodium cyanoborohydride are reacted to give N-(2-ethylthio)ethyl- 
N-(4-phenylthio)benzylamine. 

A mixture of the amine prepared above, 1 ,2,3,4- 
cyclobutanetetracarboxylic dianhydride, triethylamine and DMAP in acetonitrile 
are reacted, worked up and purified by the procedures described in Example 
38H to give the title compound. 

Example 47 

f 1 ct.2B.3B.4aM ^-DirN-tcy cloDroDvlmethvn-N-M- 
Phenoxvbenzvnaminocarbonvncy clobutane-3.4-dicarboxvlic arid 

Example 47A 
N-rcvclopropvlmethvh-N- r4-phenoxvbenzvnamine 
4-Phenoxybenzaldehyde (3.0 g, 15.1 mmol) and 
cyclopropylmethylamine (1.1 g, 15.1 mmol) were dissolved in methanol (85 
ml_) under nitrogen at room temperature. Sodium cyanoborohydride (0.95 g, 
15.1 mmol) was added, and stirring was continued for 48 hours. The solvent 
was evaporated under reduced pressure, and the residue was suspended in 
ether, washed with brine, and dried over Na2S04. The ether was evaporated, 
and the crude product was chromatographed on silica gel eluting with 3% 
methanol-methylene chloride to provide 3.0 g (78%) of the title compound as a 
colorless oil. 1 H NMR (CDCI 3 , 300 MHz) 8 0.08-0.15 (m, 2H), 0.45-0.55 (m, 
2H), 0.93-1.05 (m, 1H), 1.45 (br s, 1H), 2.50 (d, J=7.5 Hz, 2H), 3.78 (s, 2H), 
6.95-7.03 (m, 4H), 7.05-7.13 (m, 1H), 7.25-7.38 (m, 4H). MS (DCI/NH3) m/e 
254 (M+H)+. 
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Example 47R 
M g.2B.3B.4ort-1 ^-DirN-fcyrl oDroDvlmBthyQ-M.^- 

phenQXvben2vnaminocarbQnvnnyH obutane.a.4-riinarfaoxvlin arid 
A slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (1.0 g, 
5.0 mmol) in acetonitrile (17 mL) under nitrogen at room temperature was 
treated with a solution of the compound resulting from Example 47A (2.5 g, 
10.0 mmol) in acetonitrile (20 mL). The resulting suspension was refluxed for 
15 hours, the solvent was evaporated, and the residue was chromatographed 
on silica gel eluting with 98:1:1 chloroform-methanol-acetic acid to provide a 
wet foam. The foam was dissolved in acetonitrile (7 mL), triturated with water, 
and lyophilized to provide 1.2 g (34%) of the title compound as a white powder. 
m.p. 89-91 °C. 1H NMR (DMSO-d 6 , 300 MHz) 80.01-1.25 (m, 4H), 0.27-0.52 
(m, 4H), 0.80-0.96 (m, 2H), 2.68-2.92 (m, 2H), 3.20-3.55 (m, 2H), 3.56-3.68 (m, 
2H), 3.89-4.98 (m, 1H), 4.00-4.10 (m, 1H), 4.28-4.58 (m, 2H), 4.65-4.89 (m, 2H), 
6.85-7.04 (m, 8H), 7.08-7.30 (m, 6H), 7.33-7.43 (m, 4H), 12.11-12.20 (brs, 2H). 
MS (FAB) m/e 703 (M+H)+. 

Example 48 
(1a.2B.3IV4^-1 P-DirM-r yciobutvl-N-^. 
phenOXVbenzvhaminoearbnnyl] ovclobutanfl-a 4-dicartaoyy lir arjH 
Following the procedures described in Example 47A and substituting 
cyclobutylamine (1.8 g, 25.0 mmol) for cyclopropylmethylamine afforded 5.63 g 
(89%) of N-cyclobutyl-N-(4-phenoxybenzyl)amine as a colorless oil. 1 H~NMR 
(CDCI3, 300 MHz) 6 1.56-1.80 (m, 5H), 2.15-2.30 (m, 2H), 3.25-3.39 (m, 1H), 
3.68 (s, 2H), 6.94-7.04 (m, 4H), 7.05-7.15 (tt, J=7.5, 1.5 Hz, 1H), 7.25-7.38 (m, 
4H). MS(DCI/NH 3 )m/e254(M+H)+. 

Following the procedures described in Example 47B and using the 
amine prepared above (5.2 g, 20.0 mmol) provided the title compound as a wet 
foam after chromatography. The foam was dissolved in acetonitrile (15 mL), 
triturated with water, and lyophilized to provide 2.3 g (33%) of the title 
compound as a white powder, m.p. 110-112 °C. *H NMR (DMSO-d 6 , 300 
MHz) 8 1.44-1.64 (m, 4H), 1.80-2.19 (m, 10H), 3.48-3.57 (m, 1H), 3.60-3.80 (m, 
2H), 3.90-4.50 (m, 1H), 4.20-4.75 (m, 4H), 6.84-7.02 (m, 8H), 7.04-7.28 (m, 6H), 
7.30-7.44 (m, 4H) 12.20-12.31 (br s, 2H). MS (FAB) m/e 703 (M+H)+. 
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Example 49 
na.2B.3B.4aV1.2-DirN-cvcloDentvl-N.^. 
phenoxvbenzvhaminocarbonvncvclobuta ne-3.4-dicarfaoxylic arid , 
5 Following the procedures described in Example 47A and substituting 

cyclopentylamine (2.5 g, 25.0 mmol) for cyclopropylmethylamine afforded 5.5 g 
(83%) of N-cyclopentyl-N-(4-phenoxybenzyl)amine as a colorless oil. 1 H NMR 
(CDCI3, 300 MHz) 8 1.31-1.45 (m, 2H), 1.49-1.65 (m, 2H), 1.65-1.80 (m, 3H), 
1.81-1.95 (m, 2H), 3.15 (p, J=7.5 Hz, 1H). 3.75 (s, 2H), 6.94-7.04 (m, 4H), 7.05- 
10 7. 1 4 (m, 1 H), 7.25-7.40 (m, 4H). MS (DCI/NH3) m/e 268 (M+H)+. 

Following the procedures described in Example 47B and using the 
amine prepared above (5.4 g, 20.0 mmol) provided the title compound as a wet 
foam after chromatography. The foam was dissolved in acetonitrile (15 ml_), 
triturated with water, and lyophilized to provide 2.19 g (30%) of the title 
15 compound as a white powder, m.p. 1 15-118 °C. 1 H NMR (DMSO-d 6 , 300 
MHz) 8 1.35-1.85 (br m, 18H), 3.48-3.58 (m, 1H), 3.60-3.68 (m, 1H), 3.98-4.36 
(m, 4H), 4.45-4.55 (m, 2H), 6.82-7.04 (m, 8H), 7.06-7.17 (m, 3H), 7.18-7.28 (m, 
3H), 7.29-7.44 (m, 4H), 12.01-12.27 (br s, 2H). MS (FAB) m/e 731 (M+H)+. 

20 Example 50 

( 1 a.2B.3ft.4r^-1 ■2 -DifN-cvclohexvl-N-M- 
DhenoxvbenzvnaminQ carbonvncvclobutane-3.4-dicarboxvlic arid 
Following the procedures described in Example 47A and substituting 
cyclohexylamine (2.5 g, 25.0 mmol) for cyclopropylmethylamine afforded 6.4 g 
25 (91%) of N-cyclohexyl-N-(4-phenoxybenzyl)amine as a colorless oil. 1 H NMR 
(CDCI3, 300 MHz) 8 1.05-1.35 (m, 5H), 1.55-1.65 (m, 1H), 1.70-1.80 (m, 3H), 
1.85-2.00 (m, 2H), 2.45-2.55 (m, 1H), 3.80 (s, 2H), 6.95-7.04 (m, 4H), 7.05 (tt, 
J=7.5, 1.5 Hz, 1H), 7.25-7.35 (m, 4H). MS (DCI/NH3) m/e 282 (M+H)+. 

Following the procedures described in Example 47B and using the • 
30 amine prepared above (5.6 g, 20.0 mmol) provided the title compound as a wet 
foam after chromatography. The foam was dissolved in acetonitrile (15 ml_), 
triturated with water, and lyophilized to provide 2.9 g (38%) of the title 
compound as a white powder, m.p. 133-135 °C. 1 H NMR (DMSO-d6, 300 
MHz) 80.82-1.78 (br m. 22H), 3.48-3.69 (m, 2H), 3.64-3.73 (m, 1H), 3.84-3.94 
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(m, 1H), 4.10-4.64 (m, 4H), 6.80-7.05 (m, 8H), 7.07-7.18 (m, 3H), 7.19-7.44 (m, 
7H), 12.15-12.29 (brs, 2H). MS (FAB) m/e 759 (M+H)+. 

Example 51 

5 ( 1 <x,2B.3B.4gH ,2-Dif N-rcvclopentvlmethyl^N-r4. 

phenoxvbenzvnaminocarfaonvncvclQbutane- 3.4-diGarbQyylifi arid 

Example 51 A 
N-rCvclopentvlmethyhaminfl 
10 A cooled (0 °C) solution of cylopentanecarbon'rtrile (5.0 g, 53 mmol) in 

THF (175 mL) was treated with 1 M LAH in THF (53 mL). The solution was 

refluxed for 2 hours then cooled to 0 °C and quenched with NaaSCVIOhfeO. 

The suspension was diluted with THF and filtered through a pad of celite. 

Removal of the solvent in vacuo provided 4.9 g (95%) of the title compound as 
15 a pale green oil which was used without further purification. 1 H NMR (CDCI3, 

300 MHz) 6 1.10-2.10 (br m, 10H), 2.60 (d, J=7.5 Hz, 2H), 2.74-2.79 (m, 1H). 

MS (DCI/NH3) m/e 100 (M+H)+. 

Example 51 B 

20 ( 1 «.2B.3B.4 «1-1 ^-DifN-fcvclopentvlmethyn-N-M- 

PhenoxvbenzvnaminocarbonvncyclQbut ane-3.4-dicarhoxvlic acid 
Following the procedures described in Example 47A and substituting 
the compound resulting from Example 51 A (1.49 g, 15.1 mmol) for 
cyclopropylmethylamine afforded 3.4 g, 80% of N-(cyclopentylmethyl)-N-(4- 

25 phenoxybenzyl)amine as a colorless oil. 1 H NMR (CDCI3, 300 MHz) 5 1.10- 
1.24 (m, 2H), 1.45-1.67 (m, 4H), 1.71-1.90 (m, 3H), 2.06 (p, J=7.5 Hz, 1H), 2.58 
(d, J=7.5 Hz, 2H), 3.79 (s, 2H), 6.95-7.05 (m, 4H), 7.09 (tt, J=7.5, 1.5 Hz, 1H), 
7.28-7.38 (m, 4H). MS (DCI) m/e 282 (M+H)+. 

Following the procedures described in Example 47B and using the 

30 amine prepared above (5.6 g, 20 mmol) provided the title compound as a wet 
foam after chromatography. The foam was dissolved in acetonitrile (15 mL), 
triturated with water, and lyophilized to provide 2.8 g (37%) of the the title 
compound as a white powder, m.p. 98-99 °C. 1 H NMR (DMSO-d6, 300 MHz) S 
1.00-1.22 (m, 4H), 1.34-1.70 (m, 16H), 2.00-2.18 (m, 2H), 2.75-3:00 (m, 1H), 
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3.13-3.70 (m, 2H), 3.66-4.06 (m, 1H), 4.22-4.40 (m, 2H), 4.60-4.73 (m, 2H), 
6.85-7.04. (m, 8H), 7.08-7.29 (m, 6H), 7.32-7.44 (m, 4H), 12.17-12.34 (br s, 2H). 
MS (FAB) m/e 759 (M+H)+. 

5 Example 52 

( 1 g.2B.3B.4ctl-1 .2-Dif N- rcvclobutvlmethvh-N.^- 

phenoxvbenzvnaminocarbonvl1cvclQbutfln e-3.4-dicarboxvlic acid 

Example 52A 

10 N-(4-Phenoxvbenzvncvclobutanecarboxamide 

To a cooled (0 °C) solution of cyclobutanecarboxylic acid (0.26 g, 
2.6 mmol), 4-phenoxybenzylamine hydrochloride (0.62 g, 2.6 mmol), HOBt, 
(0.71 g, 5.2 mmol) and triethylamine (1.1 ml_, 7.83 mmol) in THF (9 mL) was 
added EDCI (0.55 g, 2.6 mmol). The mixture was stirred for 18 hours at room 

15 temperature. The solvent was removed, and the residue was suspended in 
ether and washed with 0.1 M HCI, 5% NaHC03 and brine. The ether layer was 
dried (MgS04), filtered through a plug of silica gel and concentrated in vacuo 
to provide 0.70 g (96%) of the title compound as a white solid, m.p. 69-71 °C. 
1H NMR (CDCI 3 , 300 MHz) 8 1.80-2.06 (m, 2H), 2.10-2.14 (m, 2H), 2.15-2.39 

20 (m, 2H), 3.02 (pd, J=7.5, 1 .2 Hz, 1 H), 4.41 (d, J=6 Hz, 2H), 5.55 (br s, 1 H), 6.94- 
7.04 (m, 4H), 7.08-7.15 (tt, J=7.5, 1.5 Hz, 1H), 7.20-7.28 (m, 2H), 7.30-7.38 (m, 
2H). MS (DCI/NH3) m/e 282 (M+H)+. 

Example 52B 

25 N-fCvclobutvlmethyh-N- r4-phenoxybenzvnamine 

A cooled (0 °C) solution of the compound resulting from Example 52A 
(0.60 g, 2.1 mmol) in THF (7 mL) was treated with 1 M LAH in THF (2.1 mL). 
The solution was refluxed for 2 hours then cooled to 0 °C and quenched with 
Na2SO4-H10H 2 O. The suspension was diluted with THF and filtered through a 

30 pad of celite. Removal of the solvent provided 0.56 g (99%) of the title 
compound as a colorless oil. 1H NMR (CDCI3. 500 MHz) 6 1.15 (br s, 1H), 
1.62-1.70 (m, 2H), 1.80-1.98 (m, 2H), 2.02-2.10 (m, 2H), 2.50 (p,.J=7.5 Hz, 1H), 
2.65 (d, J=7.5 Hz, 2H), 3.75 (s, 2H), 6.95-7.02 (m, 4H), 7.05-7.10 (tt, J=7.5,1.2 
Hz, 1H), 7.25-7.35 (m, 4H). MS (DCI/NH3) m/e 268 (M+H)+. 
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Example SPfi 
(1tt.2B.3B.4ttH .2-PirN-rovclobutvlmeth y l).NI.(4. 

phepoxY^epzvl)aminocarbonvllcvclobutane-3.4-rii oarboxvlin arid 
Following the procedures described in Example 47B and using the 
compound resulting from Example 52B (0.25 g, 0.94 mmol) provided the title 
compound as a wet foam after chromatography. The foam was dissolved in 
acetonitrile (2 mL), triturated with water, and (yophilized to provide 100 mg 
(29%) of the the title compound as a white powder, m.p. 94-95 °C. 1 H NMR 
(DMSO-d 6 , 300 MHz) 6 1.55-2.00 (m, 12H), 2.90-3.01 (m, 1H), 3.04-3.15 (m, 
1H), 3.35-3.46 (m, 3H), 3.51-3.68 (m, 3H), 3.82-3.97 (m, 1H), 4.00-4.14 (m, 1H), 
4.18-4.35 (m, 2H), 4.60-4.83, (m, 2H), 6.89-7.05 (m, 8H), 7.09-7.17 (m, 2H), 
7.18-7.28 (m, 4H), 7.34-7.44 (m, 4H), 12.00-12.27 (br s, 2H). MS (FAB) m/e 
731 (M+H)+. 

Example S3 
(1g,2B,3B, 4ff)-1.2-DirN-f4-fliiorobenzvh-N-M. 
phepoxvbenzvnaminocarbQnvl1n vciobutane-a 4-dicarbQxylir ariH 

Example 53A 
N-(4-F|uorobenzvn-N-f4-phen 0 xvben7 V l^mj nf > 
4-Phenoxybenzaldehyde (1.0 g, 5.0 mmol) and 
4-fluorobenzylamine (631 mg, 5.0 mmol) were dissolved in methanol 
(17 mL) under nitrogen at room temperature. Sodium cyanoborohydride (317 
mg, 5.0 mmol) was added, and stirring was continued for 48 hours. The 
solvent was evaporated and the residue was suspended in ether, washed with 
brine, and dried over Na 2 S0 4 . The ether was evaporated, and the crude 
product was chromatographed on silica gel eluting with 3% methanol- 
methylene chloride to provide 1.5 g (97%) of the title compound as a colorless 
oil. 1H NMR (CDCI3, 300 MHz) 8 1.55 (s, 1H), 3.76 (s, 2H), 3.78 (s, 2H), 6.95- 
7.1 5 (m, 7H), 7.25-7.40 (m, 6H). MS (DCI/NH3) m/e 308 (M+H)+. 
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EX3mp|e 53P 

(1 g.2p t 3Mtt)-1 ^PirN-(4-f»uo ro>>en z yl)-N-f4- 
phenoxvben2vhaminocarbonvncvclobutane-3.4-dicarboxvlic acid 
A slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (450 mg, 2.3 
5 mmol) in acetonitrile (4 mL) under nitrogen at room temperature was treated 
with a solution of the compound resulting from Example 53A (1 .4 g, 4.6 mmol) 
in acetonitrile (6 mL). The resulting suspension was refluxed for 15 hours. The 
solvent was evaporated, and the residue was chromatographed on silica gel 
eluting with 98:1:1 chloroform-methanol-acetic acid to provide a wet foam. The 
10 foam was dissolved in acetonitrile (5 mL), triturated with water, and lyophilized 
to provide 890 mg (48%) of the title compound as a white powder, m.p. 97-99 
°C. 1H NMR (DMSO-d 6 , 300 MHz) 6 3.66-3.74 (m, 2H), 3.95-4.24 (m, 2H), 
4.62-4.73 (m, 4H), 4.80-4.88 (m, 4H), 6.90-7.28 (m, 18H), 7.34-7.42 (m, 8H), 
12.62-12.75 (br s, 2H). MS (FAB) m/e 81 1 (M+H)+ 

15 

Example 54 

(1g,2p t 3M«H.frPifN-^ 

aminopart?9nyncyclot?utane"3 t 4-dicarboxylic acid 

20 Example 54A 

N-(p-phenoxybenzyl)-N-(m-methoxyphenethyl)amine 
A solution of 4-benzoxybenzaldehyde (2.5 g, 12.6 mmol), 3- 
methoxyphenethyl amine (1.9 g, 12.6 mmol), a catalytic amount of p- 
toluenesulfonic acid monohydrate in absolute ethanol (12 mL) was stirred at 80 

25 °C for 1.5 hours. After cooling to room temperature, NaBHU (0.49 g, 13.0 mmol) 
was added in portions. The reaction mixture was stirred at 80 °C for 1 hour, 
then cooled to room temperature, and the ethanol was removed in vacuo . 
Water was added to the residue and the mixture was extracted with ethyl 
acetate. The combined extracts were washed with saturated NaCI, dried over 

30 MgS04, filtered, and solvent removed in vacuo to afford a colorless oil which 
was purified by silica gel chromatography eluting with 20% ethyl acetate in 
hexane saturated with NH3 to afford the title compound (3.2 g, 76%) as a 
colorless oil. MS (DCI/NH3) m/e 334 (M+H)+ NMR (CDCI3, 300 MHz) 6 
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2.82 (t, 2H), 2.92 (t, 2H), 3.77 (s, 2H), 3.80 (s, 3H), 6.80 (m, 3H), 6.98 (m, 3H), 
6.08 (t, 1H), 7.22 (m, 3H), 7.32 (t, 2H). 

Example 54B 

(1 tt,2B.36.4ttH .2-DirN-r4-ph6nQxvb ft n 2vn.N-r3-methoxvDh6n e thyt) 

aminocarbonvncvclobutana -3.4-dicarboxvliR aniri 
A solution of the product from Example 54A (1.26 g, 3.8 mmol), 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (0.38 g, 1.95 mmol), triethylamine 
(0.053 mL, 3.8 mmol), and CH 3 CN (14 ml) was stirred at room temperature for 
3 hours. The solvent was removed in vacuo, and the residue was dissolved in 
ethyl acetate, washed successively with 1 N HCI and saturated NaCI, dried 
over MgS04, filtered, and evaporated to afford a white foam. The crude 
product (1.8 g) containing both isomers was purified by silica gel 
chromatography eluting with 97:2.5:0.5 CHCI 3 -MeOH-HOAc. The slower 
running isomer was collected to afford 0.40 g (24%) of the desired product. 1H 
NMR (300 MHz, CDCI 3 ) 8 2.71 (q, 4H), 3.21 (m, 2H), 3.40 (m, 3H), 3.70 (d,3H), 
3.70 (m, 2H), 3.72 (d, 3H), 3.90 (m, 3H), 4.16 (m, 2H), 4.25 (m, 2H), 4.35 (m, 
1H), 4.45 ( d, 2H), 4.55 (d, 1H), 6.68 (m, 5H), 6.85 (m, 3H), 6.92 ( m, 5H), 7.05 
(m, 8H), 7.25, (m, 5H). MS (FAB) m/e 863 (M+H)+. 

Example 55 

(1«.2B.3B.4a)-1.2-DirN-f4.Dhenoxvbe n2vh-N.r3.4-riimethoxvphenflthy|) 
aminocarbonvncvclo butane-3.4-dicarbQxylic aniri 

Using the procedures described in Example 54A, but substituting 3,4- 
dimethoxyphenethylamine for 3-methoxyphenethylamine, provided N-(4- 
phenoxybenzyl)-N-(3,4-dimethoxyphenethyl)amine. 1H NMR (300 MHz, 
CDCI3) 5 2 78 (t, 2H), 2.90 (t, 2H), 3.78 (s, 2H) 3.88 (s, 3H), 6.78 (m, 3H), 6.98 
(t, 4 H), 7.09 (t, 1H), 7.26 (t, 2H), 7.32 (t, 2H). MS (DCI/NH3) m/e 364 (M+H) + . 

The amine prepared above was reacted by the procedures described in 
Example 54B to provide the title compound. 1 H NMR (300 MHz, CDCI3) 6 2.70 
(q, 4H), 3.10-3.50 (m, 4 H), 3.78 (s, 12H), 3.92 (m, 2H), 4.02-4.32 (m, 4H), 4.55 
(q, 2H), 6.59-6.75 ( m, 6H), 6.85 (m, 3H), 6.94 (t, 4H), 7.09 (m, 6H), 7.28 (m, 
5H). MS (FAB) m/e 923 (M+H) + . 
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Example 56 

1 1 a.2p.3ft.4od-1 .2-Dif N-r4-Dhenoxvbenzvn-N-phenethylaminocarbonvll 
cyclobutqne-3.4-tticgrboxylic acid 
Using the procedures described in Example 54A, but substituting 
phenethylamine for 3-methoxyphenethylamine, provided N-(4- 
phenoxybenzyl)-N-phenethylamine. 1H NMR (300 MHz, CDCI 3 ) 8 2.85 (t," 2H), 
2.93 (t, 2H), 3.80 (s, 2H), 6.98 (m, 4H), 7.10 (t, 1H), 7.30 (m, 9H). MS (DCI/NH3) 
m/e 304 (M+H) + . 

The amine prepared above was reacted by the procedures described in 
Example 54B to provide the title compound. 1 H NMR (300 MHz, CDCI3) 8 2.78 
(q, 4H), 3.19-3.30 (m, 1H), 3.30-3.50 (m, 2H), 3.60-3.80 (m, 2H), 3.90 (q, 2H), 
4.1 1-4.29 (m, 2H), 4.34 ( t, 1H), 4.45 (m, 2H), 6 85 (m, 3H), 6.91 (m, 4H), 7.09 
(m, 10H), 7.18 (m, 5H), 7.25 (m, 6H). MS (FAB) m/e 841 (M+K) + . 

Example 57 

Ma.2B.3B.4a)-1.2-DirN-(4-DhenoxvbenzvlVN-(3-phenvl-1- 
propyhaminocarbonvncvclobutane-3.4-dicarboxvlic acid 

Using the procedures described in Example 54A, but substituting 3- 
phenyl-1 -propyl amine for 3-methoxyphenethylamine, provided N-(4- 
phenoxybenzyl)-N-(3-phenyl-1 -propylamine. 1 H NMR (300 MHz, CDCI3) 8 
1.85 (p, 2H), 2.70 (m, 4H), 3.75 (s, 2H), 7.00 (t, 3H), 7.10 ( t, 1H), 7.20 (m, 3H), 
7.30 (m, 7H). MS (DCI/NH3) m/e 318 (M+H) + . 

The amine prepared above was reacted by the procedures described in 
Example 54B to provide the title compound. 1 H NMR (300 MHz, CDCI3) 8 1 .78 
(m, 4H), 2.50 (q, 4H). 3.10 (m, 2H), 3.12 (m, 1H), 3.35-3.58 (m, 1H), 3.80-3.92 
(m, 2H), 4.06 (t, 1H), 4.10-4.20 (m, 2H), 4.39-4.59 (m, 3H), 6.82 (dd,3H), 6.94 
(m, 6H), 7.12 (t, 2H), 7.28 (m, 5H). MS (FAB) m/e 831 (M+H) + . 
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Example 58 

( 1 a.2B.3B.4otl-1 .2-DirN.tt-phenr wbenzvlWN-U.phanyM . 
butvl)aminocarbonvncvclobutane-3.4-dicarboxyiif> aniri 

Using the procedures described in Example 54A, but substituting N-(4- 
phenyl-1-butyl)amine for 3-methoxyphenethylamine, provided N-(4- 
phenoxybenzyl)-N-(4-phenyl-1-butyl)amine. 1 H NMR (300 MHz, CDCI3): 8 
1.50-1.72 (m, 4H), 2.65 (m, 4 H), 3.25 (s, 2H), 6.98 (t, 4H), 7.09 (t, 1H), 7.19 (m, 
3H), 7.30 (m, 6H). MS (DCI/NH3) m/e 332 (M+H) + . 

The amine prepared above was reacted by the procedures described in 
Example 54B to provide the title compound. iH NMR (300 MHz, CDCI3) 8 1 .50 
(br m, 8 H), 2.52 (br dt, 4H), 3.02-3.28 (m, 3H), 3.35-3.58 (m, 1H), 3.81-3.95 (m, 
2H), 4.00-4.20 (m, 2H), 4.21-4.65 (m, 4H), 6.90 (m, 7H), 7.05 (m, 10H), 7.25 (m, 
7H). MS (FAB) m/e 859 (M+H) + . 

Example 59 
(1g,2B,3B, 4ot)-1.2-PirN-(4-phenoxvbenzvn-N- 
(methoxvcarbonvlmethvnaminpcarbonyncvclQbutanft. 3.4-dicarboyylir. flniri 
Following the procedures described in Examples 1A and 13, the title 
compound was prepared. 1H NMR (CDCI3, 500 MHz) 8 3.62-3.79 (m, 6H), 
3.94-5.14 (m, 12H), 6.91-7.51 (m, 18H). MS m/e 739 (M+H)+. 

Example 60 
( 1 oc.2B.3B.4ctM .2-DirN-r4-phenoxvben7yh-N- 
(0thoxvcarbonvlethvnaminocarbony ncvclobutane.3.4-dicarhoxy lio ariri 
Following the procedures described in Examples 1A and 13, the.title 
compound was prepared. 1H NMR (CDCI3, 500 MHz) 5 1.25 (t. 6H, J = 7Hz), 
2.56 (m, 2H), 3.73 (q, 4H, J =7Hz), 3.9-4.28 (m, 12H), 4.38 (m, 1H), 4.76 (m, 
1H), 6.9-7.35 (m, 18H). MS m/e 795 (M+H)+ 
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Example 61 
(1 b ,gp,3B.4ffH ,g-Pi[N-propyl-N'(4- 
cvclohexvloxvbenzvnaminocarbonyl1cvclobutane-3.4-dicarboxylic acid 

5 Example 61 A 

4-(QyPlQhex-g-9nylPxy)^ngaMehy09 
4-(Cyclohex-2-enyloxy)benzoic acid (25 g, 115 mmol) was dissolved in 
250 mL dry tetrahydrofuran and cooled to -10 °C under an atmosphere of dry 
nitrogen. N-Methylmorpholine (12.6 mL, 115 mmol) and isobutylchloroformate 

10 (15.9 mL, 115 mmol) were added. After 10 minutes at -10 °C the mixture was 
warmed to room temperature and filtered. The volume was reduced to 50 mL 
under reduced pressure before cooling to 0 °C and adding diisobutylaluminum 
hydride (1.5 M in toluene, 160 mL) over 10 minutes. After 30 minutes, the 
reaction was warmed to ambient temperature for 2 hours. The mixture was 

15 cooled in an ioe bath, diluted with ether, quenched with methanol, and poured 
into cold Rochelle's salt solution. The crude product was extracted with ether, 
dried over Na2S04, and chromatographed eluting with 20% ethyl acetate in 
hexane to give 4.24 g (18%) of 4-(cyclohex-2-enyloxy)benzyl alcohol. 

The alcohol prepared above (4.24 g, 20.7 mmol) was dissolved in 250 

20 mL methylene chloride under an atmosphere of dry nitrogen. Pyridinium 

chlorochormate (5.62 g, 26.1 mmol) was added over 5 minutes. After stirring at 
ambient temperature for 72 hours, the mixture was filtered through Celite and 
concentrated in vacuo. Flash silica gel chromatography eluting with 10% ethyl 
acetate in hexane afforded 3.25 g (77%) of the title compound. 

25 

Example 61 B 
(Iffi.gB.g&^-l^-DirN-prQpyl-N^^ 

cyclohexyloxybenzynaminocarbonyncvclobutane-3.4-dicarboxvlic acid 
N-propyl-N-(4-cyclohexyloxybenzyl)amine was prepared by the 
30 procedures described in Example 1A starting with the compound resulting from 
Example 61 A. 

The title compound was prepared using the amine prepared above and 
the procedures described in Example 13. 1 H NMR (CDCI3, 500 MHz) 8 0.80 
(m, 6H), 1.35 (m, 6H), 1.51 (m, 10H), 1.79 (m, 4H), 1.97 (m, 4H), 3.1 (m, 4H), 
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3.39 (m, 1H), 3.50 (m, 1H), 3.93-4.59 (m, 8H), 6.94 (m, 4H), 7.07-7.14 (m, 4H). 
MS m/e 691 (M+H)+. 

Example 62 

5 (1a.2B.3B.4a)-1-fN-ProPvl-N-f4-Dhenoxvbenzvnaminocarb Qnvl1-2-rN.methvl-M- 
fhomoaeranvnaminocait>onvncvc»obutane-3 ,4-dicarboxvlic acid 

Example 62A 

na.2B.3B.4aV1-rN-Propvl-N-r4-phenQx\yben7yhaminocarbonvn .cvclobutane- 
10 2.3.4-tricarboxylic acid 

To a solution of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (1.0 g, 

5.1 mmol) and triethylamine (0.7 mL, 5.1 mmol) in acetonitrile (50 mL) under an 

atmosphere of dry nitrogen was added N-propyl-4-phenoxybenzyl amine 

hydrochloride (1 equivalent). After stirring 18 hours, 1 M HCI was added and 
15 stirring was continued for 18 hours. The mixture was diluted with ethyl acetate 

which was subsequently washed with 1 M HCI and brine, dried over Na2S04, 

and concentrated in vacuo to give 2.3 g of crude product. 

A solution of crude triacid (1.1 g, 2.4 mmol) in methanol (25 mL) was 

treated with an excess of ethereal diazomethane. Evaporation and flash silica 
20 gel chromatography eluting with 50% ethyl acetate in hexane afforded the 

corresponding pure triester (0.8 g, 67%). The pure triester was dissolved in 

methanol (10 mL) and treated with 3 M NaOH (5 mL) at 40 °C for 48 hours. 

The reaction mixture was diluted with water and washed with ethyl acetate. 

The aqueous solution was acidified to pH 2 with concentrated HCI. The 
25 product was extracted into ethyl acetate which was then washed with brine, 

dried over Na2S04, and concentrated under reduced pressure to give 0.73 g 

(99%) of the pure triacid. 
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Example 63P 

na.2B.3B.4aM-rN-Propvl-N-r4-Dhenoxvbenzvhaminocarbonvll-2-fN-methy|.N. 
fhomoaeranvhaminocarbonvl1cvclobutane-3.4-dicarboxylic acid 
To a solution of the compound resulting from Example 62A (0.43 g, 0.94 

5 mmol) in dimethylformamide (1 mL) and methylene chloride (10 mL) at 0 °C, 
was added dicyclohexyicarbodiimide (0.19 g, 0.94 mmol). After 1 hour, N- 
methyl-N-(homogeranyl)amine (0.94 mmol) and triethylamine (0.39 mL, 2.8 
mmol) were added. The reaction was allowed to warm to ambient temperature 
and stirred for 18 hours. Ethyl acetate was added to the reaction mixture which 

10 was then washed with 1 M HCI and brine, dried over Na2S04, and 

concentrated under reduced pressure. The residue obtained was purified by 
flash silica gel chromatography eluting with 94:5:1 chloroform-methanol-acetic 
acid to give the title compound. 1H NMR (CDCI3, 300 MHz) 5 0.85 (m, 3H), 
1.61 (m, 6H), 1.68 (m, 3H), 2.00 (m, 8H), 2.92 (m, 5H), 3.66 (m, 2H), 4.03 (m, 

15 3H), 4.55 (m, 3H), 5.05 (m, 2H), 6.85-7.35 (m, 9H). MS m/e 619 (M+H)+ 



Example 63 

(1a.2B.3B.4a)-1-rN-Propvl-N-f4-Dhenoxvbenzvnaminocarbonvl1- 2-rN-benzyl-N- 
(4-Dhenoxvbenzvnaminocarbonyncvclobutane-3.4.dic arboxylic acid 
20 The title compound was prepared using the procedures described in 

Example 62. 1H NMR (CDCI3, 300 MHz) 8 0.88 (m, 3H), 1.35 (m, 2H), 3.62- 
4.61 (m, 12H), 6.89-7.35 (m, 23H). MS m/e 727 (M+H)+. 

Example 64 

25 ( 1 tx.2B.3B.4al-1 -rN-Propvl-N-f4-phenoxvbenzyhaminoc arbonvn-2.fN-r4- 
phenoxvbenzvnamin6carbonvncvclobutane-3.4-dicar boxvlic acid 

Example 64A 
4-Ppenoxyfrenzyl alcohol 
30 A solution of 4-phenoxybenzaldehyde (10.0 g, 50 mmol) and 10 mL dry 

THF was added dropwise to a 0 °C suspension of lithium aluminum hydride 
(2.1 g, 55.3 mmol) and 100 mL dry THF. The reaction mixture was stirred for 1 
hour at 0 °C, then was quenched successively with 2.1 mL H2O, 2.1 mL 10% 
NaOH, and 6.3 mL H2O. The resultant slurry was stirred for 1.5 hours at room 
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temperature, then was filtered through Celite and the filtrate was evaporated 
under reduced pressure to afford the title compound (9.9 g) as a white solid. 
1H NMR (300MHz, CDCI3) 5 1.68 (t, 1H), 4.68 (d, 2H), 7.00 (m, 4H), 7.10 (t, 1H), 
7.35 (m,4H). MS (DCI/NH3) m/e 183 (M+1, -H 2 0)+. 

Example 64B 
4-Phenoxvbenzvl ohthalimirie 
To the compound resulting from Example 64A (5.0 g, 25 mmol) was 
added to a solution of lithium bromide (4.4 g, 51 mmol), trimethylsilyl chloride 
(8.2 mL, 64 mmol), and 51 ml_ acetonitrile. The reaction mixture was stirred at 
reflux for 2 hours, then was cooled to room temperature. Water (25 mL) was 
added, the acetonitrile was removed under reduced pressure, and the 
aqueous layer was extracted with ether. The combined organic extracts were 
washed with saturated aqueous sodium bicarbonate and brine, dried (MgSCXO, 
filtered, and solvent evaporated in vacuo to afford 5.35 g clear oil. The crude 
bromide (20.3 mmol) was stirred at room temperature for 24 hours with 
potassium phthalimide (4.2 g, 22.1 mmol) and 45 mL DMF. Water was added 
and the mixture was extracted with methylene chloride. The combined organic 
extracts were washed with water (2x), 1 N HCI and brine, dried (MgS0 4 ), 
filtered, and evaporated under reduced pressure to afford the title compound 
(7.9 g) as a white solid. 1H NMR (300 MHz, CDCI3) 8 4.83 (s, 2H), 6.95 (dd, 
4H), 7.10 (t, 1H), 7.31 (t, 2H), 7.42 (d, 2H), 7.71 (m, 2H), 7.88 (m, 2H). MS 
(DCI/NH3) m/e 347 (M+H+NH 3 )+. 

Example 64C 
N-(4-Pheno xvbenzvnaminfl 
The compound resulting from Example 64B (6.7 g, 20.4 mmol), 
hydrazine (2.1 mL, 35 wt. % in water) and 130 mL absolute ethanol were 
stirred at reflux for 4 hours. After cooling to room temperature, the solid present 
was filtered and air dried briefly. The solid was then partitioned between 1 U 
KOH and methylene chloride. The layers were separated and the aqueous 
layer was extracted 2 more times with methylene chloride. The combined 
organic layers were washed with water and brine, dried (MgS0 4 ), filtered, and 
evaporated in vacuo to afford the title compound (2.7 g) as a clear oil. 1 H 
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NMR (300 MHz, CDCI 3 ) 6 1.48 (s, 2H), 3.87 (s, 2H), 7.00 (m, 3H), 7.10 (t, 1H), 
7.30 (m, 5H). MS (DCI/NH3) m/e 200 (M+H)+, 217 (M+H+NH 3 )+. 

Example 64D 

5 ( 1 a.2B.3B.4ori-1 -rN-ProDvl-N-/4-phenoxybenzvhamino carbonvlV2-fN.r4- 
ph9noxvbenzvlteminocaifronvllcvclobutane-3.4-dic ait>oxvlic acid 
The compound resulting from Example 62A was reacted with the 
compound resulting from Example 64C by the procedures described in 
Example 62B to give the title compound. 1 H NMR (CDCI3, 300 MHz) 8 0.88 (m, 
10 3H), 1 .35 (m, 2H), 3.5-4.3 (m, 1 1 H), 6.83-7.33 (m, 18H). MS m/e 635 (M-H)*. 

Example 65 

(J a.2B.3B.4aV1 .2-Pi-f4-Dhenoxybenzvloxycarbonvh-3.4 -dicarboxvlic acid 

15 Example 65A 

4-Phenoxybenzyl alcohol 
A solution of 4-phenoxybenzaldehyde (5.0 g, 25 mmol) in dry 
tetrahydrofuran (10 mL) at 0 °C was treated with borane (1 M_ in 
tetrahydrofuran, 1 1.25 mL). After 45 minutes, the reaction was quenched with 
20 saturated NH4CI, diluted with ethyl acetate, and washed with 1 M HCI, 5% 

NaHC03, and brine, and dried over Na2S04, and concentrated under reduced 
pressure to give 4.7 g (92%) of 4-phenoxybenzyl alcohol. 

Example 65B 

25 ( 1 a.2B.3B.4aV1 ^-Di-M-phenoxvbenzvIoxvcarbonvh-S^-dicarboxvlic acid 
To a solution of the compound resulting from Example 65A (1.0 g, 5.0 
mmol) in dry tetrahydrofuran (100 mL) at -78 °C under dry nitrogen was added 
n-butyl lithium (1.6 M in hexane, 3.1 mL). After 15 minutes, a suspension of 
1 ,2,3,4-cyclobutanetetracarboxylic dianhydride (0.49 g, 2.5 mmol) in 

30 tetrahydrofuran (5 mL) was added. The reaction was allowed to warm slowly to 
ambient temperature and stirred for 18 hours before quenching with saturated 
NH4CI. Solvents were removed under reduced pressure, and the residue was 
partitioned between ethyl acetate and 1 M HCI. The organic layer was washed 
with 1 M HCI and brine, dried over Na2S04, and concentrated in vacuo. The 
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residue obtained was purified by flash silica gel chromatography eluting with 
94:5:1 cbloroform-methanol-acetic acid to give 0.17 g (45%) of the title 
compound. 1H NMR (CDCI 3 , 300 MHz) 8 3.71 (m, 4H), 5.11 (s, 4H), 6.94-7.36 
(m, 18H). MS m/e 595 (M-H)\ 

Example 66 
McL2B.3B.4fri-l P-nipK|. rr ^p Y) .^. f z. 

Phenylaminophftnvl)aminocarbonvncvclobutane-3.4- ri icarboxvlift arJri 

Example 66A 
N-Phenvl-N'-Prnpi onvl-1.4-phenvlenediaminQ 
A stirred mixture of 1.84 g (10.0 mmol, 1 eq.) of commercial N-phenyl- 
1,4-phenylenediamine (a black solid) and 1.18 g (14.0 mmol, 1.4 eq.) of 
NaHC0 3 in 40 mL of CH 2 CI 2 was cooled to 0 °C. To this suspension was 
added a solution of 0.96 mL (11.0 mmol, 1.1 eq.) of propionyl chloride in 10 mL 
of CH 2 CI 2 dropwise. The ice bath was removed and the mixture stirred for 1 
hour and then poured into a seperatory funnel containing 50 mL of each 
CH 2 CI 2 and water. The organic phase was separated and extracted with 50 
mL of saturated aqueous NaHC0 3 , dried over MgS0 4 , filtered and 
concentrated in vacuo. The residue was purified by flash column 
chromatography (100 g Si0 2 ,1:1 ethyl acetate-hexanes) to give 1.79 g (75%) 
of product. 1H NMR (300 MHz, CDCI3) 8 7.41 (d, 2H), 7.21-7.43 (m, 2H), 7.14 9 
(bs, 1H), 6.96-7.07 (m, 4H) 6.90 (t, 1H), 5.66 (bs, 1H), 2.38 (q, 2H), 1.25-<t, 3H). 
MS (DCI) m/e 258 (M + NH 4 )+ 241 (M + H)+. 

Example 66B 

N-Phenvl-N'-Pmpyt-d-phenvlenediamina 
A stirred solution of the compound resulting from Example 66A (1.5 g, 
6.2 mmol, 1 eq.) in 1 0 mL of dry THF was cooled to 0 °C in an ice bath. To this 
solution was added 12.5 mL (12.5 mmol. 2 eq.) of a 1.0 M solution of UAIH4 in 
THF dropwise. The ice bath was removed and the mixture was stirred at 
ambient temperature for 24 hours. The heterogeneous mixture was cooled to 0 
°C and quenched by the careful addition of 0.5 mL of water in 5 mL of THF 
followed by the addition of 0.5 mL of 15% aqueous THF and then an additional 
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1 .5 mL of water. The mixture was then vigorously stirred for 5 minutes. 
Hexanes (25 mL) and Na2S04 (2 g) were added and vigorous stirring 
continued for 20 minutes. The mixture was filtered through celite and the pad 
washed well with ethyl acetate and the filtrate concentrated. The residue was 
5 purified by flash column chromatography on Si02 (50 g, 20% ethyl . 
acetate/hexanes) to give 1 .26 g (89%) of a brown oil. 1 H NMR (300 MHz 
(CDCI 3 ) 5 7.18 (m (2H), 7.01 (m (2H), 6.82 (m (2H), 6.77 (m, 1H), 6.60 (m, 2H), 
5.38 (bs, 1H), 3.53 (bs, 1H), 3.08 (t, 2H), 1.64 (hextet, 2H),1.02 (t, 3H). MS (DCI) 
m/e 244 (M + NH 4 )+, 227 (M+H)+. 

10 

Example 66C 
na.2p.3B.4^-1.2-DirN-propvl-N-r4- 

phenylaminophenyl)aminocarbonyl]cyclobutane-3.4-dicarboxylic acid 
To a suspension of 1,2,3,4-cyclobutanetetracarboxlic anhydride (0.48 g, 

15 2.47 mmol, 1 eq) in acetonitrile at 0 °C was added a solution of the compound 
resulting from Example 66B (1 .23 g, 5.43 mmol, 2:2 eq.) in acetonitrile. The 
cooling bath was removed and the mixture stirred overnight. The resulting 
suspension was concentrated and partitioned between 3 M aqueous HCI and 3 
portions of ethyl acetate. The combined organic phases were washed with 

20 brine, dried, filtered and concentrated in vacuo. The residue was purified by 
column chromatography on S1O2 eluting with a CHCI3-CH3OH-HOAC solvent 
system to give 0.25 g (16%) of the 1 ,3-diacid and 0.77 g (48%) of the title 
compound. 1 H NMR (300 MHz (DMSO-d 6 ) 6 12.35 (bs, 2H), 8.34 (s, 2H), 7.25 (t 
, 4H), 7.09 (m, 12H), 6.86 (t, 2H), 3.57 (m, 2H), 3.26-3.40 (m, 4H), 3.09 (m, 2H), 

25 1.36 (m,4H), 0.74 (t,6H). MS (FAB+) m/e 649 (MH). HRMS (FAB) calcd for 
C38H41N4O6 (M+H) 649.3026. Found: 649.3013. Anal calcd for C38H41N4O6: 
C, 70.35; H, 6.21; N, 8.63. Found: C, 69.05; H, 6.35; N, 8.05. 
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Example 67 
(1a.2B.3B.4ort-1.2-DirN-Dropvl-N-r4- 
phenvlaminobenzvnaminocarbonvncvclob utane-3.4-dicarboxvlic acid 

5 Example 67A 

4-Phenvlamino-N-Dropvlbenzamirie 
To a stirred solution of 1.06 g (5.0 mmol, 1 eq.) of 4-phenylaminobenzoic 
acid (Portnaya, B.S.,Turitsyna, N.F., Bobkova, T.P., and Levkeov, Zhur. 
Obshchei. Khim., 2Q_, 2693 (1960)), n-propylamine (0.82 mL, 10.0 mmol, 2 eq.), 

10 and 0.061 g (0.5 mmol, 0.1 eq.) of DMAP in THF at 0 °C was added 1 .05 g (5.5 
mmol, 1.1 eq.) of EDCI. The mixture was stirred overnight while the bath 
melted. The mixture was poured into 150 mL of ethyl acetate and washed with 
50 mL each of water, 1 N aqueous HCI, water and saturated aqueous 
NaHC03. The ethyl acetate layer was then dried over Na2SC>4, filtered and 

15 concentrated in vacuo. The residue was purified by flash column 

chromatography (80 g Si02, 1:1 ethyl acetate-hexanes) to give 0.51 g (40%) of 
the title compound. 1H NMR (300 MHz, CDCI3) 6 10.57 ( bs, 2H), 7.21-7.41 (m, 
9H), 3.96 (s, 2H), 2.75 (m, 2H), 1.64 (hextet, 2H), 0.92 (t, 3H). MS (DCI) m/e 
255 (M+H)+. 

20 

Example 67B 
N-Propvl-N-f4-Dhenylam inobenzvn amine 
To a stirred solution of the compound resulting from Example 67A 0.50 g 
(1 .96 mmol., 1 eq.) in 10 mL of dry THF at 0 °C was added 3.9 mL (3.9 mmol, 2 
25 eq.) of a 1 .0 M solution in THF of L1AIH4. The ice bath was removed and 

stirring continued for 30 minutes. The solution was then heated at reflux for 20 
hours and then cooled back to 0 °C. The mixture was carefully quenched by 
the addition of 0.15 mL of water, 0.15 mL of 15% aqueous NaOH, and 0.45 mL 
of water and vigorously stirred for 10 minutes. Ethyl ether (20 mL) and MgS04 
30 (2 g) were added and stirring continued for an additional 15 minutes. The 
heterogeneous mixture was filtered through a pad of Si02 and the pad was 
washed with 100 mL of ether and then 100 mL of 5% CH3OH-C.HCI3. The 
filtrate was concentrated to give 0.398 g (85%) of a yellow oil that was used 
without further purification. ""H NMR (300 MHz, CDCI3) 6 7.19-7.32 (m, 2H), 
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7.01-7.08 (m, 2H), 6.87-6.93 (m, 1H), 5.67 (bs, 1H), 3.72 (s, 2H), 2.61 (t, 2H), 
1.53 (hextet, 2H), 1.39 (bs, 1H), 0.92 (t, 3H). 

Example 670 

5 f1(X.2p.3P,4ff)-1,2-PirN-propy|-N-(4- 

phenylaminobenz yl)aminocarbonvllcvclobutane-3.4-clicarboxvlic acid: 
Following the procedures described in Example 66C, the compound 
resulting from Example 67B (0.378 g, 1.57 mmol, 2.2 eq.) and 1,2,3,4- 
cyclobutanetetracarboxylic dianhydride (0.140 g, 0.71 mmol, 1 eq.) were 

10 reacted to give 0.1 59 g (33%) of the title compound. 1 H NMR (300 MHz, 

CDCI 3 ) 67.14-7.30 (m, 8H), 6.83-7.10 (m, 12H), 3.84-4.85 (m, 8H), 2.94-3.56 
(m, 4H), 1.37-1 .62 (m, 4H), 0.72-0.88 (m, 6H. MS (FAB+) m/e 677 (M+H)+. 
HRMS calcd for C40H45N4O6 (MH) 677.3339. Found: 677.3331. Anal calcd 
for C40H45N4O6: C, 70.99; H, 6.55; N, 8.28. Found; C, 69.46; H, 6.67; N, 7.89. 

15 

Example 68 
(J «.2p.3p.4ttM .2-DirN-propvl-NW4- 
phenvlthiobenzyhaminocarb onvncvclobutane-3.4-dicarboxvlic acid 

20 Example 68A 

N-Propyl-N-M-phenvlthiobenzvhamine 
To a stirred solution of 2.14 g (10 mmol, 1.0 eq.) of 4- 
phenylthiobenzaldehyde (Portnaya, B.S.Juritsyna, N.F., Bobkova, T.P.y and 
Levkeov, I.I., Zhur. Obshchei. Khim., 3D., 2693 (1960)) and 0.6 mL (10.0 mmol, 

25 1 .0 eq.) of acetic acid in 40 mL of CH3OH at 0 °C was added 1 .6 mL (20.0 
mmol, 2.0 eq.) of N-propylamine. After stirring 30 minutes at 0 °C, NaCNBH3 
(0.69 g, 11 mmol, 1.1 eq.) was added and the mixture was stirred for an 
additional 2 hours whereupon an additional 0.69 g of NaCNBH3 was added. 
The reaction mixture was stirred for an additional 14 hours and then poured 

30 into 200 mL of saturated NaHC03 and extracted with 3x50 mL of ethyl acetate. 
The combined organic phases were washed with brine, dried (MgS04), filtered 
and concentrated in vacuo. Purification of the residue by column 
chromatography (150 g Si02, 10% CH3OH-CHCI3, trace HOAc) gave 1.59 g 
(62%) of the title compound as a light yellow oil. Spectral analysis indicated 
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the presence of ~1 eq. of AcOH. "»H NMR (300 MHz, CDCI 3 ) 8 7.54 (bs, 1 H 
(AcOH)),-7.21-7.37 (m, 9H), 3.83 (s, 2H), 2.64 (t, 2H), 1.98 (s, 3H (AcOH)), 1.60 
(hextet, 2H), 0.92 (t, 3H). MS (DCI) m/e 258 (M+H)+. 

5 Example 6BB 

(1g.2B.3B.4ttH .2-DirN-Dropyl-N-^. 
phenvlthi0benzvna minocarbonvn cvclobutane-3.4-dicarb O xylin 
Following the procedure described in Example 66C, the compound 
resulting from Example 68A (0.566 g, 2.2 mmol, 2.2 eq.) and 0.196 g (1 .0 
10 mmol, 1 .0 eq.) of 1 ,2,3,4-cyclobutanetetracarboxylic dianhydride were reacted 
to give 0.284 g (40%) of the title compound as an off white foam. 1 H NMR (300 
MHz, CDCI3) 8 7.02-7.37 (m, 18H), 2.92-4.68 (m, 12H), 1.5 (m. 4H), 0.61 (m, 
6H). MS (FAB+) m/e 71 1 (M+H)+. Anal calcd for C40H42N2O6S2: C, 67.58; H, 
5.95; N, 3.94. Found: C, 65.78; H, 5.86; N, 3.62. 

15 

Example 69 
f 1 a.2B.3R.4nri-1 .2-DifN-propyl-M-f4- 

phenoxvmethvlbenzvnaminocarbonyl1cycl obutane-3.4-dicarboxvlic acid 

20 Example 69A 

Methvl-4-phenoxvmethvlben7natft 
To a stirred mixture of 5.72 g (25.0 mmol, 1 .0 eq.) of methyl 4- 
bromomethylbenzoate (Aldrich) and 3.80 g (27.5 mmol, 1 .1 eq.) of K 2 C0 3 in 10 
ml_ of DMF at ambient temperature was added a solution of 2.59 g (27.5 mmol, 

25 1 .1 eq.) of phenol in 10 mL of DMF dropwise and the mixture stirred overnight. 
The reaction mixture was poured into 100 mL of water and extracted with 3 x 
100 mL portions of 25% CH2Cl2-hexanes. The combined organic phases 
were extracted with 3 x 100 mL portions of water, dried (MgS0 4 ), filtered and 
concentrated in vacuo. The solid residue was recrystallized from -50 mL of 

30 hexanes to give 5.31 g (88%) of the title compound as a white, crystalline solid. 
1 H NMR (300MHz, CDCI3) 8 8.05 (d, 2H), 7.51 (d, 2H), 7.26-7.33 (m, 2H), 6.95- 
7.02 (m, 3H), 5.13 (s, 2H), 3.92 (s, 3H). MS (DCI) m/e 260 (M+NH 4 )+. 
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Example 69B 
4-Phenoxymethy|^n^Q)c geld 
To a suspension of 2.42 g (10 mmol, 1.0 eq.) of the compound resulting 
from Example 69A in 20 mL of CH3OH at 0 °C was added a solution of 0.97 g 
5 (15.0 mmol, 1.5 eq.) of KOH (87%) in 10 mL of CH3OH. The suspension was 
allowed to reach ambient temperature overnight whereupon 5 mL of water was 
added. After stirring was continued for 3 additional hours, the mixture was 
poured into 200 mL of water and extracted with 3 x 50 mL of ethyl ether. The 
aqueous phase was acidified with 3 N aqueous HCI and the resulting 
10 precipitate collected by filtration. Purification by recrystallization from acetone- 
CH3OH gave 0.60 g (28%) of the title compound as a white crystalline solid. 
1H NMR (300 MHz, CDCI3) 8 8.12 (d, 2H), 7.56 (d, 2H), 7.22-7.36 (m, 3H), 6.94- 
7.01 (m, 2H), 5.15 (s, 2H). MS (DCI) m/e 246 (M+NH 4 )+ 

15 Example 69C 

N-Propvl-4-Dhenoxvmethvlbenzamtde 
To a stirred solution of 0.59 g (2.78 mmol, 1 .0 eq.) of the compound 
resulting from Example 69B in 10 mL of THF at room temperature was added 
0.495 g (3.05 mmol, 1.1 eq.) of 1,1-carbonyldiimidazole. After the initial 

20 evolution of CO2 was complete, the mixture was heated at reflux for 30 minutes 
and subsequently cooled to ambient temperature with a ice-water bath. The 
resulting nearly colorless solution was treated with 0.68 mL (8.33 mmol, 3.0 
eq.) of N-propylamine and stirring was continued overnight. The reaction 
mixture was then partitioned between water (50 mL) and ethyl acetate (100 

25 mL). The layers were separated and the aqueous phase was extracted with an 
additional 50 mL portion of ethyl acetate. The combined organic phases were 
then washed with 50 mL each of water, saturated NaHC03 and brine, dried 
(MgSCU), filtered and concentrated in vacuo. The solid residue was purified by 
recrystallization form ethyl acetate to give 0.418 g (59%) of the title compound 

30 as a white solid. NMR (300 MHz, CDCI3) 5 7.78 (m, 2H), 7.49 (d, 2H), 7.25- 
7.32 (m, 2H), 6.93-7.00 (m, 3H), 6.17 (bs, 1H), 5.11 (s, 2H), 3.42 (m, 2H), 1.62 
(hextet, 2H), 0.98 (t, 3H). MS (DCI) m/e 287 (M+NH4) + . 
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Example 69D 

- N-ProPvl-N-f4-phenoxvmethvlben2vhamine hydrochloride 
To a stirred solution of 0.400 g (1 .58 mmol, 1 .0 eq.) of the compound 
resulting from Example 69C in 2 mL of dry THF at 0 °C was added 3.16 mL 
5 (3.16 mmol, 2 eq.) of a 1 .0 M solution of LiAIH 4 in THF dropwise. The ice bath 
was removed and the mixture heated at reflux for 18 hours. After cooling to 0 
°C, the excess hydride was carefully quenched by the sequential addition of 
0.12 mL of water in 1 mL of THF, 0.12 mL of 15 % aqueous NaOH and 0.36 mL 
of water. The resulting suspension was vigorously stirred for 10 minutes 

10 followed by the addition of ether (15 mL) and MgS0 4 (2 g) and the vigorous 
stirring continued for an additional 15 minutes. The reaction mixture was 
filtered through a pad of Si02 (pre-wetted with ether) and the pad was washed 
well with ethyl acetate. The filtrate was concentrated to dryness and the 
residue dissolved in THF and treated with a slight excess of aqueous HCI. The 

15 solution was concentrated to dryness again (using toluene to remove the 
excess water). The solid residue was purified by recrystallization from 
methanol-acetone to give 0.314 g (72%) of the title compound as a white 
crystalline solid. 1H NMR (300 MHz, CD 3 OD) 8 7.52 (q 4H), 7.25 (m, 2H), 6.89- 
7.00 (m, 3H), 5.13 (s, 2H), 4.20 (s, 2H), 3.01 (m, 2H), 1.72 (m, 2H), 1.02 (t, 3H). 

20 

Example fi9E 
( 1 ct.2B.3B.4ttl-1 .2-DifN.pmpyt-N.f4. 

phenoxvmethvlbenzvnaminocarbonyl1cy clobutane-a.4-dicarboxvlic-aftiri 
To a stirred suspension of 0.098 g (0.5 mmol, 1.0 eq.) of 1,2,3,4- 

25 cyclobutanetetracarboxylic acid dianhydride in 3 mL of acetonitrile at 0 °C was 
added 0.15 mL (1.05 mmol, 2.1 eq.) of Et3N. After 15 minutes the compound 
resulting from Example 69D (0.276 g, 1.0 mmol, 2.0 eq.) was added and the 
mixture allowed to reach room temperature and stirring continued for 66 hours. 
The reaction mixture was poured into 20 mL of 4 N aqueous H2SO4 and 

30 extracted with 3 x 20 mL of ethyl acetate. The combined organic phases were 
then washed with water and brine, dried (MgS0 4 ), filtered and concentrated in 
vacuo. The residue was purified by column chromatography on SiC>2 (35 g) 
eluting with 94:5:1 CHCI 3 -CH 3 OH-acetic acid to give the 1,3-diacid (0.100 g, 
28%) followed by the title compound (0.093 g, 26%) as a white foam. ">H NMR 
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(CDCI3) 8 7.11-7.40 (m, 12H), 6.88-6.99 (m, 6H), 4.99 (m, 4H), 4.31-4.70 (m, 
4H), 3.87*4.18 ( m, 4H), 2.59-3.63 (m, 4H), 1,49 (m, 4H), 0.82 (m, 6H). HRMS 
(FAB) calcd for C42H46N2O8: 707.3332. Found: 707.3323. Anal calcd for 
C42H46N2O8: C, 71.37; H, 6.56; N, 3.96. Found: C, 70.70; H, 6.56; N, 3.85. 

5 

Example 70 

f1a.2B.3B.4a)-1.2-D>rN-propvl-N-f4-phenoxvbenzvnaminocarbonvlH- 
hvdroxvmethvl-cvclobutane-3 -carboxvlic acid 

10 Example 70A 

Methvl (3 tt.2p.3ft.4cri-1 .2-DifN-propvl-N-f4-p henoxvbenzynaminocarbonvl)-4- 
hydroxymethyl-cyclobutane-3-carboxylate 
To a stirred solution of (1a,2B,3B,4a)-1,2-di[N-propyl-N-[4- 
phenoxybenzyl]aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono methyl 

15 ester, the compound resulting from Example 95, (0.562 g, 0.81 mmol, 1 .0 eq.) 
in 12 mL of dry THF at -20 °C was added 0.098 mL (0.89 mmol, 1.1 eq.) of N- 
methylmorpholine followed by 0.115 mL (0.89 mmol, 1.1 eq.) of 
isobutylchloroformate. After stirring for 30 minutes, a cold (-20 °C) suspension 
of 0.184 g (4.86 mmol, 3 eq.) of NaBI-U In 1 mL of CH3OH was carefully added 

20 (a vigorous reaction occurs) and the mixture stirred for 30 minutes more. The 
reaction was quenched by the careful addition of 2 mL of 3 N aqueous HCI and 
the poured into 50 mL of cold 3 H aqueous HCI and extracted with 3 x 50 mL of 
ethyl acetate. The combined organic extracts were washed with 50 mL of 
saturated aqueous NaHCC-3, dried (MgSC-4), filtered and concentrated in 

25 vacuo. The residue was purified by flash column chromatography on SiC? (40 
g, 1:1 ethyl acetate-hexanes) to give 0.507 g (92%) of the title compound as a 
colorless foam. 1H NMR (CDCI3) 5 6.84-7.35 (m, 18H, 2.68-5.02 (m, 18H), 
1.41-1.72 (m, 4H), 0.73-0.97 (m, 6H). MS (DCI) m/e 679 (M+H)+. 
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Example 70B 

na.2B.3B.4a)-1.2-DifN-proDvl-N-f4-Dhenoxvb en2vnaminnoarbonvl]-4- 
hvdroxvmethvl-cvclobutane-3-carboxvlic aniri 
To a stirred solution of the compound resulting from Example 70A (68 
mg, 0.1 mmol, 1.0 eq.) in 1 mL of 3:1 THF-water at 0 °C was added 8 mg (0.2 
mmol, 2.0 eq.) of UOHH2O and stirring was continued at 0 °C for 4 hours and 
at room temperature for 30 minutes. The reaction was then quenched by the 
addition of 2 mL of 3 N aqueous HCI and then concentrated to dryness. 
Purification of the residue by column chromatography on SiC>2 (9 g, 94:4:1 
CHCI3-CH3OH-HOAC) gave the title compound 0.047 g (71%) as a white foam. 
1H NMR (DMSO d 6 ) 6 12.26 (bs, 1H), 7.38, m, 3H), 7.17-7.31 (m, 4H), 7.12 (m, 
1H), 7.00 (m, 4H), 6.91 (m, 2H), 4.58-4.84 (m, 3H), 4.09-4.32 (m, 3H), 3.78-4.07 
(m, 3H), 3.17-3.60 (m, 6H), 3.12 (m, 1H), 2.98 (m, 1H), 2.86 (m, 1H), 2.69 (m, 
1H), 1.31-1.62 (m, 4H), 0.70-0.89 (m, 6H). MS (FAB+) m/e 665 (M+H), 687 
(M+Na), 703 (M+K). HRMS calcd for C40H45N2O7 (MH) 665.3227. Found: 
665.3217. Anal cacld for C40H45N2O7: C, 72.27; H, 6.67; N, 4.21. Found: C, 
71.45; H, 6.79; N, 4.21. 

Example 71 

(lK.2S.3B.4ff)-1.2-DirN-PrODVl-N-f4-Dhenoxvben?yl1 a m inocarbonyl1^- 
r(hvdroxvimino^methvn-cyftln butane-3-carbnxylin arj r f 

Example 71 A 

MethYl (1tt,2fl,3B.4ct)-1 ■2-PirN-propvl-N-r4-Dhenoxvb ft n7yh q minocarbonvl]-4- 
carboxaldehyrift- cvclobutane-3-carboxylatft 
To a stirred solution of 0.339 g (0.5 mmol, 1.0 eq.) of the compound 
resulting from Example 70B in 5 mL of 10% acetonitrile-CH 2 CI 2 at room 
temperature was added 0.088 g (0.75 mmol. 1.5 eq.) of N-methylmorpholine-N- 
oxide followed by 0.50 g of powdered, activated 4A molcular sieves. After 
stirring 15 minutes at room temperature, TPAP (0.009 g, 0.025 mmol, 0.05 eq) 
was added and the resulting black mixture was stirred for an additional 30 
minutes. The reaction mixture was treated with ~1 g of celite and then diluted 
with 5 mL of ether. After 10 minutes further stirring, the mixture was filtered 
through a pad of Si02 (pre-wetted with ether). The pad was washed well with 
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ether (-200 mL) and the filtrate concentrated. The green residue was purified 
by column chromatography on Si02 (25 g, 1:1 ethyl acetate-hexanes) to give 
0.269 g (80%) of the title compound as a thick syrup. 1 H NMR (CDCI3) 8 9.69- 
9.76 (m, 1H), 6.89-7.38 (m, 18H), 4.09-4.87 (m, 5H), 3.48-4.03 (m, 6H), 2.41- 
5 3.47 (m, 4H), 1 .42-1 .67) (m, 4H) f 076-0.98 (m, 6H). MS (DCI) m/e 677 (M+H)+. 

Example 71 B 

Methvl Ma.2B.3B.4aH .2-DirN-Dropvl-N-f4-Dhenoxvben2vn aminocarbonylH- 
[(hydroxyimino)methyl]-cyclobutane-3-carboxylatQ 

10 To a stirred solution of 0.054 g (0.78 mmol, 1 .5 eq.) of NH2OHHCI in 1 

mL of CH3OH at room temperature was added 0.064 g (0.78 mmol, 1.5 eq.) of 
NaOAc. The resulting solution was treated with a solution of the compound 
resulting from Example 71 A (355 mg, 0.52 mmol, 1.0 eq.) in 2 mL of CH3OH 
and stirring was continued for 1 hour. The mixture was partitioned between 

15 ethyl acetate (20 mL) and water (20 mL) and the layers were separated. The 
aqueous layer was extracted with 2 additional 20 mL portions of ethyl acetate 
and the combined organic phases were dried (Na2S04), filtered and 
concentrated in vacuo. The residue was purified by column chromatography 
on Si02 (30 g, 40% ethyl acetate-hexanes) to give 0.273 g (76%) of the title 

20 compound (as a mixture of cis and trans oximes) as a colorless syrup. 

Example 71C 

( 1 a.2p.3p.4aV1 ^-DirN-DroDvl-N-^-DhenoxvbenzvnaminocarbonyfH- 
[(hydroxyimino^methyl]-cyclobutane-3-carboxylic acid 

25 To a solution of 0.035 g (0.05 mmol, 1 .0 eq.) of the compound resulting 

from Example 71 B in 0.5 mL of THF at 0 °C was added a solution of 0.01 1 g 
(0.25 mmol, 5 eq.) of LiOHH 2 0 in 0.2 mL of water. The resulting cloudy 
mixture was stirred for 3 hours and quenched by the addition of 1 mL of 0.5 M 
H3PO4. The mixture was extracted with 3 x 2 mL of ethyl acetate and the 

30 combined organic phases were washed with 5 mL of brine, dried (MgSCU), 
filtered and concentrated in vacuo. The residue was purified by column 
chromatography on Si02 (10 g, 94:5:1 CHCI3-CH3OH-ACOH) to give a 
colorless oil. This mixture was dissolved in 2 mL of acetonitrile and water was 
added until cloudy. The mixture was then lyophilized to give 0.024 g (70%) of 
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the title compound as a fluffy, white lyophilate. *H NMR (DMSO d6) 6 12.46 
(bs, 1H), 10.76-10 90 (m, 1H), 7.38 (m, 4H), 7.09-7.30 (m, 6H), 6.86-7.0 (m, 
8H), 4.55-4.88 ( m, 2H), 3.87-4.29 ( m, 4H), 3.16-3.67 (m, 5H), 2.94 (m, 1H), 
2,71 (m, 1H), 1.52-1.61 (m, 4H), 0.73-0.86 (m, 6H. MS (FAB+) m/e 678 (M+H)+. 
5 HRMS (FAB) calcd for C40H44N3O7 (MH) 678.3179. Found: 678.3190. Anal 
calc for C40H44N3O7: C, 70.88; H, 6.39; N, 6.20. Found: C, 70.80; H, 6.32; N, 
6.03. 

Example 72 

10 f1tt.2B.3B.4a)-1.2-DifN-DroDvl-N-f4-Dhen Qxvben2vhaminocarbonvlH- 

tetrazolvl-cvclobutane-3-carb oxylic acid 

Example 72A 

Methyl (1a.2R.3R.4nc>-1.2-DirN-pr oDvl-N-r4.DhenoxvbenzyhaminocarbonvlH- 

15 cvano-cvclobutane-3-carboxvlate 

To a stirred solution of 0.173 g (0.25 mmol, 1.0 eq.) of the compound 
resulting from Example 71 C in 2 mL of dry acetonitrile at 0 °C was added 0.1 1 
mL (0.75 mmol, 3.0 eq.) of Et3N followed by the dropwise addition of 0.040 mL 
(0.28 mmol, 1.1 eq.) of trifluoroacetic anhydride. The cooling bath was 

20 removed and the mixture stirred for 3 hours and poured into 10 mL of saturated 
aqueous NaHC03. The aqueous mixture was extracted with 3 x 10 mL of ethyl 
acetate and the combined organic phases were dried (MgS04), filtered and 
concentrated in vacuo. Flash column chromatography of the residue on Si(>2 
(40 g, 40% ethyl acetate-hexanes) gave 0.1 16 g (69%) of the title compound as 

25 a cloudy syrup. 1 H NMR (CDCI3) 8 6.91-7.43 (m, 1 8H), 3.93-4.94 (m, 6H), 

3.56-3.90 (m, 5H), 2.93-3.55 (m, 4H), 1.43-1.72 (m, 4H), 0.80-0.97 (m, 6H). MS 
(DCI) m/e 691 (M+18)+ 674 (M+H)+. 



WO 96/34850 



-125- 



PCT/US96/06156 



Example 72B 

Methvl Ma.2B.3R.4aV1.2-DirN-proDvl-N-r4-phenoxvb6n2vhamino carbonvl]-4. 
tetrazolvl-cvclobutane-3-carboxylate 
A mixture of the compound resulting from Example 72A (0.116 g, 0.17 
5 mmol, 1 eq.), NaN 3 (0.034 g, 0.52 mmol, 3.0 eq.) and Et3NHCI (0.072 g, 0.52 
mmol, 3.0 eq.) in 1 mL of DMF were heated to 60 °C for 14 hours. The bath 
temperature was increased to 100 °C for 4 hours whereupon an additional 3.0 
eq. each of NaNa ad Et^N-HCI were added. After an additional 70 hours at 
100 °C, the mixture was cooled to room temperature and partitioned between 
10 water (20 mL) and ethyl acetate (20 mL). The aqueous phase was extracted 
with 2 x 10 mL of ethyl acetate and the combined organic phases were washed 
with 3 x 10 mL of water and brine, dried (Na2S04), filtered and concentrated in 
vacuo to give 0.1 15 g of the title compound which was used without 
purification. Analysis of this crude material showed by 1 H NMR showed that it 
15 contained ~2 eq. of DMF. 

Example 72C 

(1a.2B.3B.4aV1.2-DirN-propvl-N-M-phen oxybenzyhaminocarbonyl-4- 
tetrazolvl-cyclobutane-3- carboxvlic acid 

20 To a stirred solution of 0.030 g (0.042 mmol, 1 .0 eq.) of the compound 

resulting from Example 72B in 0.75 mL of THF at 0 °C was added 0.25 mL of 
H2O followed by 0.01 1 g (0.25 mmol, 6.0 eq.) of LiOH H 2 0. After stirring 2 
hours at 0 °C and 2 hours at room temperature, the mixture was poured into 10 
mL of 3 N aqueous HCI and extracted with 3 x 10 mL of ethyl acetate. The 

25 combined organic extracts were dried (MgSCU), filtered and concentrated in 
vacuo. The residue was purified by column chromatography on SiCfe (20 g, 
94:5:1 CHCI 3 -CH 3 OH-AcOH) to give a thick oil. This oil was dissolved in 
acetonitrile and treated with water until turbid and then freeze-dried to give 
0.021 g (70%) of the title compound as a fluffy, white lyophilate. 1 H NMR 

30 (DMSO d 6 ) 6 6.56-7.41 (m, 18H), 4.62-4.83 (m, 3H), 4.25-4.49 (m, 4H), 3.73- 
.17 (m, 4H), 3.06 (m, 1H), 2.76 (m, 1H), 2.41 (m, 1H), 1.50 (m, 4H), 0.44-0.92 
m, 6H). MS (FAB+) m/e 703 (M+H)+. (FAB - ) m/e 701 (M-H)+. HRMS calcd for 
C40H43N6O6: 703.3244. Found: 703.3229. Anal calcd for C40H43N6O6: C, 
68.36; H, 6.02; N, 11.96. Found: C, 65.94; H, 6.11; N, 11.14. 
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Exampie 73 

na.2B.3B.4a>-1.2-DifN-DrQDvl-N-r4-Dhenoxvbenzvl^amin ocarbonyl-4- 
tetrazolylmethvl-cvclobutane-3-carboxylic acid 

5 

Example 73A 

Methvt na.2B.3B.4a>-1. 2-DirN-DroDvl-N-f4-Dh6noxvbenzvham8noearhonyH-4. 
cvanomethvl-cvclobutane-3 -carboxylate 
To a solution of the compound resulting from Example 70A (0.260 g, 

10 0.38 mmol, 1 .0 eq.) in 4 mL of 1 :1 CH 2 CI 2 -2,6-lutidine at -10 °C was added 
0.060 mL (0.76 mmol, 2.0 eq.) of methanesulfonyl chloride. The mixture was 
then placed in a refrigerator overnight. The resulting yellow solution was 
diluted with CH2CI2 and extracted with 3 U aqueous HCI, dried (MgS04), 
filtered and concentrated in vacuo to give 0.284 g (99%) of the mesylate that 

15 was used directly. The mesylate (0.284 g, 0.38 mmol, 1 .0 eq.) was dissolved in 
1 .5 mL of DMSO and treated with 0.073 g (1 .12 mmol, 3.0 eq.) of KCN. This 
suspension was stirred vigorously overnight at room temperature and then at 
50-60 °C for 2 hours. This mixture was cooled to room temperature and 
poured into 25 mL of water and extracted with 3 x 10 mL of ethyl acetate. The 

20 combined organic phases were then extracted with 2 x 20 mL of water and 2 x 
10 mL of brine, dried (Na2SC>4), filtered and concentrated in vacuo. The 
residue was purified by column chromatography on Si02 (20 g, 40% ethyl 
acetate-hexanes) to give 0.178 g (68%) of the title compound as a thick-oil. 1 H 
NMR (CDCI3) 6 6.88-7.37 (m, 18H), 4.55-4.87 (m, 2H), 3.91-4.46, (m, 4H), 2.91- 

25 3.83 (m, 9H), 2.41-2.69 (m, 2H), 1 .40-1 .69 (m, 4H), 0.78-0.97 (m, 6H). MS 
(DCI) m/e 688 (M+H)+. 

Example 73B 

( 1 g.2B.3B.4g)-1 .2-DirN-proPvl-N-f4-phenoxvben2vhaminocarbonvl-4. 
30 tetrazolvlmethvl-cvclobutane-3-carooxvlic acid 

To a solution of the compound resulting from Example 73A (0.170 g, 
0.25 mmol, 1.0 eq.) in 1.5 mL of DMF was added 0.081 g (1.15 mmol, 5.0 eq.) 
of NaN 3 followed by 0.172 g (1.25 mmol, 5.0 eq.) of Et3N-HCI. The resulting 
suspension was heated at 100 °C overnight whereupon an additional 5 eq. 
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each of NaN3 and Et3NHCI were added. After further heating at 100 °C for 24 
hours, the mixture was cooled to room temperature and poured into 20 mL of 
dilute H2SO4 and extracted with 3 x 20 mL of ethyl acetate. The combined 
organic phases were extracted with 2 x 20 mL of water and 1 x 10 mL of brine, 

5 dried (MgSCU), filtered and concentrated in vacuo to give 0.1 66 g (91%) of the 
tetrazole as a yellow syrup that was used directly. The crude tetrazole was 
dissolved in 1 mL of THF and cooled to 0 °C. To this solution was added a 
solution of 0.034 g (0.88 mmol, 4 eq.) of LiOH-HfeO in 0.3 mL of water. 
Methanol (20 drops) was added to obtain a homogeneous solution and the 

10 mixture stirred overnight while the bath was allowed to melt. The reaction 
mixture was poured into 20 mL of 4 tl H2SO4 and extracted with 3 x 10 mL of 
ethyl acetate and the combined organic phases were washed with water and 
brine, dried (MgS04), filtered and concentrated in vacuo. The residue was 
purified by column chromatography on Si02 (30 g, 94:5:1 CHCI3-CH3OH- 

15 AcOH) to give an oil. The product was then lyophilized (CH3CN/H2O) to give 
0.064 g (40%) of the title compound as a fluffy, off white solid. 1 H NMR (CDCI3) 
8 6.76-7.38 (m, 18H), 4.20-4.75, (m, 5H), 2.91-4.09 (m, 9H), 1.36-1.64 (m, 4H), 
0.65-0.92 (m, 4H). MS (FAB+) m/e 717 (M+H)+ (FAB -) 715 (M-H)+. Anal calcd 
for C41H44N6O6: C, 68.70; H, 6.19; N, 11.72. Found: C, 66.74; H, 6.18; N, 

20 11.21. 

Example 74 

( 1 g.2B.3p.4a)-1 .2-Dif N-propyl-N-f4-ph enoxybenzyhaminocarbonvn-4- 
(carboxycarbonylamino)cyc|obutane-3-carboxylic acid 

25 

Example 74A 

Methyl M rc.2p.3p.4aM .2-DifN-propyl-N-(4-phenoxvbenzynaminocarbonvl-4- 
(benzyloxvcarbonyl)amino-cyclobutane-3-carboxylate 
To a stirred solution of 0.346 g (0.5 mmol, 1.0 eq.) of the compound 
30 resulting from Example 95, (1a,2p,3p,4a)-1,2-di[N-propyl-N-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono methyl 
ester, in 5 mL of dry toluene at room temperature was added 0.077 mL (0.55 
mmol, 1.1 eq.) of triethylamine followed by 0.13 mL (0.60 mmol, 1.2 eq.) of 
diphenylphosphorylazide. The yellow solution was heated at 65-70 °C for 3 
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hours. To this solution was added 0.52 mL (5 mmol, 10 eq.) of benzyl alcohol 
and the oil bath temperature was increased to 90 °C and stirring continued at 
this temperature overnight. After cooling to room temperature, the mixture was 
diluted with 50 mL of CH 2 CI 2 and extracted with 3 £J aqueous HCI and 
5 saturated NaHC0 3 , dried (MgS04), filtered, and concentrated in vacuo. The 
residue was purified by column chromatography on Si02 (40 g, 5-10% ethyl 
acetate-CH2Cl2) to give 0.235 g (59%) of the title compound as a thick syrup. 
1 H NMR (CDCI 3 ) 8 6.81-7.39 (m, 23H), 5.62 (m, 1H), 4.94-5.18 (m, 3H), 4.05- 
4.87 (m, 5H), 2.86-4.05 (m, 9H), 1.34-1.65 (m, 4H), 0.76-0.94 (m, 6H). MS 
10 (DCI) m/e 798 (M)+ 

Example 74B 

Methvl f 1 (X.2B.3R.4aM .2-DirN-prQDvl-N-r4-phe noxvben7vhaminocarbQnvl]-4. 

amino-cvclobutanft-fl -carboxylatfl 

15 A stirred mixture of 0.233 g (0.29 mmol) of the compound resulting from 

Example 74A and 0.050 g of 10% Pd/C in 5 mL of ethyl acetate were 
hydrogenated 8 hours. The mixture was filtered through celite and the celite 
pad washed well with ethyl acetate. The filtrate was concentrated to give 0.191 
g of the title compound as a light yellow oil. 1 H NMR (CDCI3) 8 6.89-7.38 (m, 

20 1 8H), 4.46-4.90 (m, 2H), 4.24-4.42 (m, 3H), 3.78-4.07 (m, 2H), 3.50-3.73 (m, 
3H), 2.91-3.41 (m, 5H), 1.39-1.68 (m, 4H), 1.39 ( bs, 2H), 0.79-0.98 (m, 6H). 
MS (DCI) m/e 664 (M+H)+ 

Example 74C 

25 Methvl (1 (X.2B.3B.4a)-1 .2-Dif N-propvl-N- ^henoxvbenyynaminocarhonvip. 
^ (9thoxvlcarbonvlcarbonvhamino-cvclob utane-3-carboYy iate 
To a solution of 0.033 g (0.05 mmol, 1.0 eq.) of the compound resulting 
from Example 74B in 1 mL of CH 2 CI 2 at -10 °C was added 0.012 mL (0.10 
mmol, 2 eq.) of 2,6-lutidine followed by 0.009 mL (0.075 mmol, 1.5 eq.) of ethyl 

30 oxalyl chloride. After stirring for 30 minutes at this temperature, the mixture was 
diluted with 10 mL of CH 2 CI 2 and extracted with 10 mL of saturated NaHC0 3 , 
dried (MgSCvO, filtered and concentrated in vacuo. The residue was purified 
by column chromatography on Si0 2 (15 g, 1:1 ethyl acetate-hexanes) to give 
0.029 g (76%) of the title compound as a light yellow syrup. 1H NMR (CDCI3) 8 
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7.84-8.04 (m, 1H), 6.83-7.37 (m, 18H), 5.16-5.37 (m, 1H), 4.48-4.94 (m, 2H), 
3.92-4.39- (m, 6H), 3.54-3.76 (m, 4H), 2.87-3.46 (m, 4H), 1.43-1.64 (m, 4H), 
1 .24-1 .43 (m, 3H), 0.78-0.93 (m, 6H). MS (CCI) m/e 764 (M+H)+. 

5 Example 74D 

(1a.2B.3p.4aV1. 2-DifN-Dropyl-N-r4-Dhenoxvbenzvnaminocarbonvn-4- 
fcarboxycarbonylamino)cyclobutane-3-carboxylic acid 
To a stirred solution of 0.027 g (0.035 mmol, 1 .0 eq.) of the compound 
resulting from Example 74C in 1 mL of THF at 0 °C was added 0.007 g (0.18 
10 mmol, 5 eq.) of LiOH-hfeO in 0.3 mL of water. The cold bath was removed and 
the mixture was stirred for 2 hours and poured into 10 mL of 3 N[ aqueous HCI. 
The aqueous phase was extracted with 3 x 15 mL of ethyl acetate and the 
combined organic phases were extracted with brine, dried (MgSO^, filtered 
and concentrated in vacuo to give an oil. This material was then lyophilized 
1 5 (CH3CN/H2O) to give 0.026 g (1 00%) of the title compound as a fluffy white 
solid. 1H NMR (CDCI3) 8 12.45 (bs, 2H), 6.81-7.40 (m, 18H), 4.58-5.00 (m, 3H), 
3.57-4.31 (m, 9H), 2.58-3.01 (m, 3H), 1.32-1.56 (m, 4H), 0.65-0.84 (m, 6H). MS 
(FAB+) m/e 744 (M+Na), 722 (M+H)+; (FAB") m/e 720 (M-H)+. HRMS calcd for 
C41H44N3O9 (MH): 722.3078. Found: 722.3081. 

20 

Example 75 

MK.2p.3p.4«V1.2-DirN-Dropvl-N-(4-Dhenoxvbenzvnaminocarfaonvn-4-f3- 
carboxvpropionvlammotavclobutane-3-carboxvlic acid 

25 Example 75A 

Methyl (1 a.2p.3p.4a)-1 .2-DirN-propyl-N-(4-phenoxvbenzvnaminocarbonvl1-4- 
i3-carooxypropionvlaminotavclobutane-3-carboxvlate 
To a stirred solution of 0.024 g (0.036 mmol, 1 eq.) of the compound 
resulting from Example 74B in 1 mL of dry CH3CN at 0 °C was added 0.010 mL 
30 (0.072 mmol, 2 eq.) of Et3N followed by 0.004 g (0.038 mmol, 1 .1 eq) of 

succinic anhydride. The mixture was then stirred overnight (during which time 
the ice bath melted) and partitioned between 2 mL of 3 N aqueous HCI and 3 x 
2 mL of ethyl acetate. The combined organic phases were washed with 2 mL 
each water and brine, dried (NaaSCvO, filtered and concentrated to give 0.028 
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g (100%) of the title compound as a colorless syrup. 1 H NMR (CDCI3) 8 6.88- 
7.39 (m, 18H), 5.06-5.29 (m, 1H), 3.92-4.88 (m, 7H), 3.41-3.73 (m, 5H), 2.84- 
3.32 (m, 4H), 2.04-2.74 (m, 6H), 1.39-1 .65 (m, 4H), 1.47 (m, 1H), 0.78-0.97 (m, 
6H). MS (DCI) m/e 764 (M+H)+. 

5 

Example 75B 

(1«.2B.3P.4ffi)-1.2-DifN-proDvl-N-f4-phenQxvhftn z V haminocartinnyl>^.{^- 
carboxvprop»onvlamino>cvclobutane-a- carboxvlic add 
To a solution of 0.026 g (0.034 mmol, 1 eq.) of the compound resulting 
10 from Example 75A in 1 mL of THF at 0 °C was added a solution of 7 mg (0.1 7 
mmol, 5 eq) of UOI-M-I2O in 0.3 mL of water. The ice bath was removed and 
the mixture stirred for 6 hours and poured into 10 mL of 3 N aqueous HCI and 
extracted with 3 x 10 mL of ethyl acetate. The combined organic phases were 
washed with 10 mL each of water and brine, dried (MgS04), filtered and 
15 concentrated to give a nearly colorless syrup. This material was lyophilized 
(CH3CN-H2O) to give 0.021 g (84%) of the title compound as a fluffy, off white 
solid. 1H NMR (CDCI3) 8 6.87-7.37 (m, 18H), 5.02-5.25 (m, 1H), 4.13-4.74 (m, 
5H), 3.51-4.09 (m, 5H), 2.92-3.35 (m, 3H), 2.23-2.79 (m, 4H), 1.40-1.62 (m, 4H), 
1.27 (bs, 1H), 0.76-0.92 (m, 6H). MS (FAB+) m/e 750 (M+H)+. HRMS calcd for 
20 C43H48N3O9 (MH): 750.3391. Found: 750.3375. 

Example 76 

(1ff.2B,3B.4a)-1.2-DirN-propvl-N-r4-phenoxvh ftnzvhaminocarbonvl-4.fg-P- 
carboxvethenvl-cvclobutane-3-c arboxvlic acid 

25 

Example 76A 

Methyl (1 ff .2B.3ft.4«)-1 .2-DirN-propvl-N-r4-ph e noY vbenzvhaminncarbonvl-4- 

fg-2-carbomethQyyethenvl-cyftlo hutane-3-carhnYy l^e 
To a stirred solution of 0.068 g (0.10 mmol, 1.0 eq.) of the compound 
30 resulting from Example 71 A in 1 mL of CH2CI2 at 0 °C was added 0.040 g 
(0.12 mmol, 1.2 eq.) of methyl triphenylphoranylidene-acetate. The resulting 
solution was stirred for 3 hours and then applied directly to a column of Si0 2 
(15 g) and eluted with 1:1 ethyl acetate-hexanes to give 0.062 g of the title 
compound as a thick syrup. Analysis of the 1 H NMR spectrum indicated a 
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>95:5 ratio of olefin isomers. 1H NMR (DMSO-d 6 ) 8 6.77-7.42 (m, 18H), 5.96- 
6.07 (m, 1H), 4.56-4.99 (m, 2H), 4.18-4.24 (m, 2H), 3.68-4.07 (m, 3H), 3.17-4.66 
(m, 9H), 2.92-3.05 (m, 1H), 2.53-2.86 (m, 2H), 1.25-1.60 (m, 4H), 0.69-0.88 (m, 
6H). MS (DCI) m/e 733 (M+H)+. 

5 

Example 76B 

(1a.2B.3B.4a^1.2-DirN-propvl-N-r4-Dhenoxy benzvnaminocarbonvl-4-fg-2- 
carboxyethepyl-cyg|pbgtape-3-carboxylic acjd 
To a stirred solution of the compound resulting from Example 76A (25 
10 mg, 0.034 mmol, 1 .0 eq.) in 1 mL of THF at 0 °C was added 9 mg (0.204 mmol, 
6 eq.) of UOH H2O in 0.3 mL of water. After stirring for 1 hour at 0 °C and 2 
hours at room temperature, the mixture was poured into 1 0 mL of 3 H aqueous 
HCI and extracted with 2 x 10 mL of ethyl acetate. The organic phases were 
then washed with brine, dried (MgS04), filtered and concentrated to give 0.025 
15 g of product. This material was then lyophilized (CH3CN-H2O) to give 0.019 g 
(79%) of the title compound as a white lyophilate. 1 H NMR (DMSO-d 6 ) 6 6.80- 
7.41 (m, 18H), 6.86-6.95 (m, 1H), 4.10-5.02 (m, 5H), 3.16-4.08 (m, 9H), 2.44- 
2.98 (m, 3H), 1 .30-1 .44 (m, 4H), 0.66-0.91 (m, 6H). MS (FAB+) m/e 727 
(M+Na), 705 (M+H)+. 

20 

Example 77 

Ma.2B.3p.4a>-1.2-DifN-propyl-N-r4-Dhenoxyben2yh aminocarbonvl-4-r2- 
carboxvethyn-cyclobutane-3-carboxvlic acid 

25 Example 77A 

Methyl ( 1 a.2B.3B.4aV-1 ■2-DifN-propyl-N-(4- phenoxybenzvnaminocarbonvl-4- 
(2-carboxvethvlVcvclobutane-3-carboxylate 
A stirred mixture of the compound resulting from Example 76A (32 mg, 
0.044 mmol, 1.0 eq.), triethylsilane (0.011 mL, 0.066 mmol, 1.5 eq.) and 
30 Wilkinson's catalyst (4 mg, 0.004 mmol, 0.01 eq.) in 1 mL of dry toluene was 
heated to 80-90 °C. After 1 hour, additional triethylsilane (0.050 mL) and 
Wilkinson's (4 mg) were added and heating continued for an additional 2 
hours. After the mixture had cooled to room temperature, 2 mL of CH3OH was 
added and the mixture stirred for 15 minutes and filtered through a short plug of 
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Si02. The filtrate was concentrated and purified by column chromatography on 
Si02 (1 0-g, 1 :1 ethyl acetate-hexanes) to give 0.029 g (91 %) of the title 
compound as a thick oil. 1H NMR (CDCI3) 8 6.88-7.41 (m, 18H), 4.48-5.04 (m, 
3H), 3.93-4.38 (m, 4H), 3.49-3.75 (m, 6H), 2.76-3.33 (m, 5H), 2.12-2.35 (m, 2H), 
1.41-1.88 (m,6H), 0.77-1.02 (m,6H). MS (DCI) m/e 735 (M)+. 

Example 77R 

(10c.2B,3B.4a)-1.2-nirN-proDvl-N-r4.nhenoxvhfln7 U n aminocarhnn Y l.4-(p. 
carboxyethyl). cyclobutane-3-carboxylifi q r:|H 
To a stirred solution of the compound resulting from Example 77A (27 
mg, 0.037 mmol, 1.0 eq.) in 1 mL of THF at 0 °C was added a solution of 8 mg 
(0.184 mmol, 5 eq.) of LiOHH 2 0 in 0.3 mL of water. The cooling bath was 
removed and the mixture stirred for 6 hours and then poured into 10 mL of 3 N. 
aqueous HCI. The aqueous phases was extracted with ethyl acetate (3x10 
mL) and the combined organic phases were washed with saturated aqueous 
NaCI, dried (Na 2 S0 4 ), filtered and concentrated. The residue was purified by 
column chromatography on Si0 2 (10 g, 94:5:1 CHCI 3 -CH 3 OH-AcOH) to give 
an oily residue. Lyophilization of this residue gave the title compound (0.019 g, 
73%) as a fluffy, white lyophilate. 1H NMR (CDCI3) 6 6.84-7.37 (m, 18H), 4.55- ' 
4.98 (m, 2H), 4.13-4.48 (m, 2H), 3.45-3.96 (m, 2H), 2.81-3.37 (m, 6H), 2.25-2.43 
(m, 2H), 1.39-1.82 (m, 6H), 0.74-0.94 (m, 6H). MS (FAB+) m/e 783 (M+2K-H)+ 
745 (M+K)+ 707 (M+H)+ 

Example 78 

(1 ff .2B.3B.4a)-1 ■2-nirN-nropvl-N.M.ph enoxvbenyyl) fl minocarhnnyll.^.(^ . 
carboxv-1 -hvdroxvmethvhryf>lobutane.a-r a r boxvlic aoiri 

Example 7RA 

Methyl (1 fx,gp . 3MfflH ■ 2-nirN- prnpvl-N-f4- p hR n nx vb e n7vn a minor a rhn P Y . H - 
(1-aQetpxv-1-(2-furanvn-methvncvclobutanft-a. fifl rhnvyi a t Q 
To a solution of 0.029 mL (0.40 mmol, 4.0 eq.) of furan in 0.8 mL of dry 
THF at 0 °C was added 0.25 mL (0.4 mmol, 4.0 eq.) of a 1 .6 M solution of n- 
BuLi in hexanes dropwise. The solution was briefly wanned to room 
temperature and then cooled to 0 °C. The yellow solution was then added via 
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cannula to a suspension of 18 mg (0.2 mmol, 2.0 eq.) of CuCN in 0.6 mL of 
THF at -20 °C and this mixture stirred 5 minutes at 0 °C. To the resulting 
solution (yellow) was added a solution of 68 mg (0.1 mmol, 1.0 eq.) of the 
compound resulting from Example 71 A in 0.5 mL of dry THF. The mixture was 

5 stirred for 1 .5 hours at -20 - 0 °C and then quenched by the addition of 1 mL of 
95:5 saturated aqueous NhUCI-conc aqueous NH4OH. The cooling bath was 
removed, 5 mL of ether was added, and the biphasic solution was stirred 
vigorously for 15 minutes. The mixture was then poured into 10 mL of the 
above NH4CI/NH4OH solution and extracted with 2 x 10 mL of ethyl acetate. 

10 The combined organic phases were washed with the NH4CI/NH4OH mixture 
(10 mL), dried (MgSCU), filtered and concentrated. The residue was dissolved 
in 0.5 mL of CH2CI2 and cooled to 0 °C. The mixture was then treated with 
excess 2,6-lutidine, DMAP (0.005 g) and acetic anhydride (0.017 mL). After 
stirring for 30 minutes at room temperature, the mixture was diluted with 25 mL 

15 of ethyl acetate and washed with water, 3 JhJ aqueous HCI and saturated 
aqueous NaHCC>3 (10 mL each), dried (MgS04), filtered and concentrated. 
The residue was purified by column chromatography on Si02 (15 g, 40% ethyl 
acetate-hexanes) to give 0.031 g (39%) of the title compound as a colorless oil. 
1H NMR (CDCI3) 5 6.89-7,38 (m, 18H), 5,93-6.42 (m, 3H), 4.92 (m, 1H), 3.92- 

20 4.68 (m, 5H), 3.37-3.81 (m, 5H), 2.75-3.37 (m, 3H), 1.71-2.29 (m, 3H), 1.20-1.67 
(m, 4H), 0.73-0.98 (m, 6H). MS (DCI) m/e 787 (M+H)+ 

Example 78B 

na.2B.3B.4aM.2-DirN-Dropvl-N-r4-phenoxvben2vnaminocarbonylH>n- 
25 carboxv-1 -hvdroxvmethvhcvclobutane-3-carboxvlic acid 

To a vigorously stirred solution 1 mg (0.007 mmol, 0.2 eq.) of RuCte-HteO 
in 0.5 mL of 3:2:3 CH3CN/CCI4/H2O at room temperature was added 62 mg 
(0.29 mmol, 8.0 eq.) of Nal04. After 15 minutes, NaHCOs (150 mg) was added 
followed by the addition of the compound resulting from Example 78A (28 mg, 
30 0.036 mmol, 1 .0 eq.) in 0.3 mL CH3CN. The yellow solution immediately 

turned black. Excess Nal04 was added followed by 5 mL of ethyl acetate. The 
mixture was poured into water and acidified by the addition of 4.H aqueous 
H2SO4 and the phases were separated. The aqueous phase was extracted 
with 2 x 10 mL of ethyl acetate and the combined organic phases were washed 
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with 3 x 10 mL of 10% aqueous NaHS03, dried (MgS0 4 ) filtered and 
concentrated to give 0.024 g (86%) of the title compound as a colorless syrup 
which was used directly. 

To a solution of 0.024 g (0.031 mmol, 1.0 eq.) of the above acid-ester in 
5 0.5 mL of THF at 0 °C was added a solution of 1 3 mg (0.31 mmol, 1 0 eq.) of 
LiOHH 2 0 in 0.2 mL of water. The ice bath was removed and the mixture was 
stirred for 2 hours at room temperature and then poured into 10 mL of 3 N 
aqueous HCI. The aqueous phase was extracted with 3 x 10 mL of ethyl 
acetate and the combined organic phases were washed with brine, dried 

10 (Na 2 S0 4 ), filtered and concentrated to give a light yellow oil. This oil was then 
lyophilized (CH 3 CN-H 2 0) to give 0.020 g (91%) of the title compound as an off 
white, fluffy lyophilate. 1H NMR (CD 3 OD) 8 6.86-7.37 (m, 18H), 4.69-4.78 (m, 
1H), 4.23-4.47 (m, 3H), 2.84-3.67 (m, 12H), 1.46-1.71 (m, 4H), 0.81-0.97 (m, 
6H). MS (FAB+) m/e 747 (M+K)+ 731 (M+Na)+, 709 (M+H)+, (FAB - ) m/e 707 

15 (M-H)+. 

Example 79 

(1ffi,23.33.4a)-1.2-PirN-DrODvl-N-f4-PhenQXvhfin ? V naminoR a rhnnyll-a^- 
dirmydroxvimino^mefhyll -cvclobutane 

20 

Example 79A 

(1ff,2B.3B.4(y)-1.2-DirN-PrODVl-N-r4-PhenQyvhen zvhaminon a rhftnyl]. 
cvclobuta ne-3.4-di(Q-benzvloximel 
A solution of the compound resulting from Example 64B (200 mg (0.29 
25 mmol) in dry tetrahydrofuran (1 0 mL) was cooled to -1 5 °C under dry nitrogen. 
N-Methylmorpholine (60 mg, 0.59 mmol) and isobutylchlorofoimate (81 mg, 
0.59 mmol) were added followed by a solution of O-benzylhydroxylamine 
hydrochloride (94 mg, 0.59 mmol) and N-methylmorpholine (60 mg, 0.59 
mmol) in dimethylformamide (2 mL). After stirring at -15 °C for 15 minutes, the 
30 mixture was stirred at ambient temperature for 3 hours. The reaction mixture 
was concentrated under reduced pressure, dissolved in ethyl acetate, washed 
with 1 M HCI, 5% NaHCC-3, and brine, dried over Na 2 S0 4 , and concentrated in 
vacuo. The residue obtained was purified by flash silica gel chromatography 
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eluting with 5% methanol in chloroform to give 100 mg (38%) of the benzyl 
protected oximes. 

Example 79B 

5 (1a.2B.3B.4aV1.2-DirN-propvl-N-r4-Dhenoxvbenzvnaminocarbonyl)-3.4- 

0j[(hyc<roxyiminQ)methyl1-cyc|obutan9 

A solution of the compound resulting from Example 79A (50 mg (56 
jimol) in methanol (15 mL) with 10% palladium on carbon (5 mg) was stirred 
under an atmosphere of hydrogen for 5 hours. Filtration through Celite and 
10 evaporation provided 20.5 mg (51%) of the title compound. 1 H NMR (CDCI3, 
300 MHz) 8 0.88 (m (6H) (1.45 (m (4H) (2.95 (m (4H) (3.62 (m (4H) (4.18 (m 
(4H) (6.85-7.37 (m (18H). MS m/e 709 (M+H)+. 

Ex^rppte 90 

15 (1 a2&MAm f 2-DjrN-m9thyl-N-(4- 

phenoxvbenzvnaminocarbonvncvclobutane-3.4-dicarboxvlic acid dimethyl 

ester 

To the dicarboxylic acid resulting from Example 13 (1.00 g, 1.60 mmol) 
dissolved in 20 mL of anhydrous methanol was added 5 drops of concentrated 

20 sulfuric acid. The clear mixture was stirred at ambient temperature overnight. 
The solvents were removed under reduced pressure to give a residue which 
was dissolved in ethyl acetate, washed with sodium bicarbonate solution, 
water and saturated sodium chloride solution, dried, filtered and concentrated 
in vacuo. The residue obtained was chromatographed on silica gel eluting 

25 with 4:1 ethyl acetate-hexane to give the title compound in 70% yield. 1 H NMR 
(DMSO-d 6 , 300 MHz) 8 2.89 (s (6H) (3/59 (s (6H) (3.76 (d (J = 9.6Hz (2H) (4.14 
(d (2H) (4.40 (d (2H) (4.56 (d (2H) (6.95-7.40 (m (18H). MS m/e 651 (M+H) + . 
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Example 81 ' 

(1g.2B,3B.4ff)-1.2-DirN-proDvl-N-r3-pha noxvben7yl) a minocarbonyl]. 
cvclobutane-3.4-diRar hoxylic add 

5 Example 91 A 

N-PrODVl-N-r3-Dhenoxvbenyyl)q m j nft 
3-Phenoxybenzaldehyde (2.00 mL, 2.29 g, 1 1 .6 mmol), n-propylamine 
(0.95 mL, 0.68g, 11.5mmol), and p-toluenesulfonic acid monohydrate (15 mg, 
0.08 mmol) were dissolved in absolute ethanol (15 mL), then heated to 80 °C 

10 in a sealed tube for 2.5 hours. The reaction was cooled to room temperature, 
transfered to a round-bottom flask, then sodium borohydride (440 mg, 11.6 
mmol) was added, followed by heating under reflux for 2.5 hours. The reaction 
was concentrated, the residue was partitioned between water and EtOAc, and 
the EtOAc layer was washed with water and brine. After drying with Na 2 S0 4f 

15 filtration, and concentration, the residue was purified by chromatography on 
silica gel using 4:6 followed by 3:7 hexane-EtOAc to give 1 .59 g (57%) light 
yellow oil. 1H NMR (CDCI3) 8 7.30 (m, 3H), 7.08 (m, 2H), 7.00 (m, 3H), 6.88 
(dd, 1H), 3.77 (s, 2H), 2.60 (t, 2H), 1.53 (m, 2H), 0.92 (t, 3H). MS (DCI/NH3) m/e 
242 (M+H)+. 

20 

Example fi1B 

(1Cc,2B.3P,4ff)-1.2-DirN-proPvl-N-r3-phe noxvben7yl) a minocarbony»|- 

cvclobutane-3.4-dicarboxylift arid 
To 1,2,3,4-cyclobutanetetracarboxylic dianhydride (313 mg, 1.60 mmol) 
25 slurried in CH3CN (4.0 mL) was added the compound resulting from Example 
81 A (803 mg, 3.30 mmol). The reaction was stirred at room temperature under 
N 2 overnight, then diluted with EtOAc, washed with 2 x 1 M H3PO4 and brine, 
dried over Na2SC>4 and concentrated in vacuo. Chromatography of the 
residue obtained using 98.5:1.5:0.5 followed by 97:3:1 CHCb-MeOH- 
30 CH3CO2H gave a glass which was dissolved in CH3CN (10 mL). Water (10 
mL) was added to the CH3CN solution, then the solution was frozen and 
lyophilized to give 390 mg (36%) of the title compound as a white solid. 1H 
NMR (DMSO-de) 8 7.39, 7.28, 7.13, 7.00, 6.93, 6.85 (all m, total 18H), 4.60, 
4.45, 4.30 (all m, total 4H), 3.90, 3.60 (both m, total 4H), 3.45, 3.25, 3.00, 2.80 
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(all m, total 4H), 1 .40 (m, 4H), 0.78 (m, 6H). MS (FAB+) m/e 679 (M+H)+ Anal, 
calcd forC4oH42N20 8 • 0.25H 2 O: C, 70.32; H, 6.27; N, 4.10. Found: C, 70.20; 
H, 6.51; N, 4.04. 

5 Example 82 

( 1 a.2B.3B.4fri-1 .2-Dlf N-propvl-N-fS- 

phenoxvfurfurvhaminocarbonvncvclobuta ne-3.4-dicarboxylic acid 



Example 82A 

10 5-Phenoxy-2-furaldehyde 

Phenol (3.80 g, 40.4 mmol) in DMSO (25 nr»L) was added dropwise to a 
suspension of NaH (60%, 1.63 g, 40.4 mmol) in DMSO (25 mL) over a period 
of 15 minutes. After another 15 minutes, a solution of 5-nitro-2-furaldehyde 
(4.85 g, 34.4 mmol) in DMSO (20 mL) was added. The reaction was stirred at 

15 room temperature for 4.5 hours, then the reaction was partitioned between ice- 
water, brine and Et20. The aqueous layer was extracted with Et20, and the 
combined Et20 extracts were washed with 7% KOH, dried over Na2S04 and 
concentrated in vacuo to afford a brown oil. Vacuum distillation (2.8 mm Hg, 
137-8 °C) gave 3.3 g (51%) yellow oil. NMR (CDCI 3 ) 5 9.42 (s, 1H), 7.42 

20 (m, 2H), 7.28 (m, 1 H), 7.20 (m, 3H), 5.55 (d, 1 H). MS (DCI/NH3) m/e 1 89 
(M+H)+ 206 (M+H+NH 3 ) + . 



Example 82B 
(1 a.2B.3B.4crt-1 .2-Dif N-propvl-N-(5- 
25 phenoxyfu rfuryhaminocarbonyl)cyclobutane-3.4-dicarboxvlic acid 

Using the compound resulting from Example 82A, N-propyl-N-(5- 
phenoxyfurfuryl)amine was prepared by the method of Example 81 A. 1 H NMR 
(CDCI3) 5 7.32 (m, 2H), 7.10, (m, 1H), 7.04 (m, 2H), 6.12 (d, 1H), 5.51 (d, 1H), 
3.70 (s, 2H), 2.59 (t, 2H), 1.54 (m, 2H), 0.92 (t, 3H). MS (DCI/NH3) (M+H)+ 232. 
30 Using the amine prepared above, the title compound was prepared 

using the method of Example 81B. 1 H NMR (DMSO-d 6 ) 8 7.38 (m, 4H), 7.15 
(m, 2H), 7.07 (m, 2H), 7.02 (m, 2H), 6.34, 6.32, 6.29, 6.25 (all d,. total 2H), 5.70, 
5.67 (d, m, total 2H), 4.52, 4.35, 4.17 (all m, total 4H), 3.90, 3.65, 3.60, 3.55 (all 
m, total 4H), 3.40-3.20, 3.00 (envelope, m, total 4H), 1.40 (m, 4H), 0.75 (m, 6H). 
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MS (FAB-) m/e 657 (M-H)-. Anal cald for C36H38N2O10 • 0.5 H 2 0: C, 64.76; H, 
5.89; N, 4.20. Found: C, 64.80; H, 5.79; N, 4.02. 

Example 83 

(1a.2B.3B.4^-1.2-DirN-DroDvl-N-r5-Dh8n OX ythi e n.P. 
ylmethvnaminocarbonvncvclobutane-3.4-dicarboxvlic acid 

Example 83A 
N-Propvl-N-(5-phenoxvthl6phene-2-m ethynamine 
Using 5-nltrothiophene-2-carboxaldehyde, 5-phenoxythiophene-2- 
carboxaldehyde was prepared by the method of Example 82A, except 
chromatography using 9:1 hexane-EtOAc was used for purification. 1 H NMR 
(CDCI3) 89.72 (s, 1H), 7.54 (d, 1H), 7.42 (m, 2H), 7.25 (m, 1H), 7.20 (m, 2H), 
6.51 (d, 1H). MS (DCI/NH3) m/e 205 (M+H)+ 222 (M+H+NH 3 )+ 

Example 33B 
( 1 0C,2B.3B,4(x)-1 .2-DirN-propvl-N-r5-phenoxvthien-P- 

vlmethvnaminocarbonvncvcfobutane-3.4-dicarboxvlic acid 
Using the compound resulting from Example 83A, N-propyl-N-(5- 
phenoxythiophene-2-methyl)amine was prepared by the method of Example 
81A. 1H NMR (CDCI3) 87.32 (m, 2H), 7.10, (m, 3H), 6.52 (dt, 1H), 6.38 (d, 1H), 
3.88 (d, 2H), 2.63 (t, 2H), 1.54 (m, 2H), 0.92 (t, 3H); MS (DCI/NH3) (M+H)+ 248. 

Using the amine prepared above, the title compound was prepared by 
the method of Example 81B. 1H NMR (DMSO-d 6 ) 8 7.37 (m, 4H), 7.13, 7.05 
(both m, total 6H), 6.98, 6.94 (both m, total 2H), 6.52, 6.46, 6.45, 6.40 (all d, total 
2H), 4.65, 4.40 (both m, total 4H), 3.95-3.50 (envelope, total 4H), 3.43, 3.20, 
3.03, 2.88 (all m, total 4H), 1.43 (m, total 4H), 0.80, 0.70 (both m, total 6H). MS 
(FAB*) m/e 689 (M-H)-. Anal cald for C36H38N2O8S2 • 0.25 H 2 0: C, 62.19; H, 
5.58; N, 4.03. Found: C, 62.08; H, 5.51; N, 3.92. 
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Example 94 
(1 g.gP.3P,4tt)-1 ,g-DirN-propYl-N-(4-ffur9n-2- 
vloxvbenzvhaminocarbonvl1cvclobutane-3.4-dicarboxvlic acid 

5 Example 84A 

5-t4-Ethoxvcarbonvlphenoxy)-2-furaldehvde 
Using ethyl-4-hydroxybenzoate, the title compound was prepared by the 
method of Example 82A, except chromatography using 3:1 hexane-EtOAc was 
used for purification, i H NMR (CDCI 3 ) 8 9.45 (s, 1 H), 8.10 (m, 2H), 7.25 (d, 
10 1H), 7.19 (m, 2H), 5.75 (d, 1H), 4.40 (q, 2H), 1.41 (t, 3H). MS (DCI/NH3) m/e 
261 (M+H)+, 278 (M+H+NH 3 ) + . 

Example 84B 
5-f4-Ethoxvcarbonylphen oxvl-2-furoic acid 

15 A solution of potassium dihydrogen phosphate (10.8 g, 79.0 mmol) and 

sodium chlorite (80%, 12.0 g, 106 mmol) in water (95 mL) was added to a 
solution of the compound resulting from Example 84A (3.00 g, 11.5 mmol) in f- 
butanol (240 mL) and 2-methyl-2-butene (57 mL). The two-phase reaction 
mixture was mechanically stirred at room temperature for 2 hours, then the 

20 aqueous layer was removed, and the organic layer concentrated. The 

aqueous layer and the organic residue were combined, the pH was adjusted to 
2 with 1.1 N NaHS04, then extracted with Et20. The Et20 layer was washed 
with 5% sodium bisulfite, then extracted with saturated NaHCC>3. The - 
saturated NaHC03 layer was washed with 3 x Et20, then the pH was adjusted 

25 to 1 with 1 AH NaHS04, and extracted with 3 x Et20. After drying over 

Na2S04 and concentrating under reduced pressure 1.10 g (34%) of the title 
compound as a light yellow solid was obtained. 1 H NMR (CD3OD) 8 8.08 (m, 
2H), 7.27 (d, 1H), 7.21 (m, 2H), 5.90 (d, 1H), 4.36 (q, 2H), 1.39 (t, 3H). MS 
(DCI/NH3) m/e 294 (M+H+NH 3 ) + . 



30 
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Example 84C 
Ethvl 4-(furan-2-vloxvtoen?oate 
To the compound resulting from Example 84B (1.05 g, 3.80 mmol) 
slurried in quinoline (1.7 mL) was added copper powder (70 mg). The reaction 
5 was heated to 200 °C for 1 hour, cooled to room temperature, and partioned 
between Et 2 0 and 1 M H3PO4. The Et20 layer was washed with 3 x 1 M 
H3PO4, 3 x saturated NaHC03 and brine, dried over Na2S04 and 
concentrated in vacuo. Chromatography of the residue using 2% EtOAc in 
hexanes gave 550 mg of the title compound as a yellow oil (62%). 1H NMR 
10 (CDCI3) 8 8.04 (m, 2H), 7.1 0 (dd, 1 H), 7.03 (m, 2H), 6.40 (dd, 1 H), 5.70 (dd, 
1H), 4.36 (q, 2H), 1.39 (t, 3H). MS (DCI/NH3) m/e 233 (M+H)+, 250 
(M+H+NH 3 )+. 

Example 84D 

15 4-(Furan-2-vloxvlbenzyl alcohol 

A solution of the compound resulting from Example 84C (535 mg, 2.30 
mmol) in THF (4 mL) was added to a solution of LAH in THF (4 mL of 1 .0 M 
LAH). The reaction mixture was stirred at room temperature for 1 hour and then 
cooled to 5 °C. Water (0.13 mL), 15% NaOH (0.13 mL), and water (0.35 mL) 

20 were added sequentially, and the mixture was stirred for 15 minutes. After the 
addition of Et20 and MgSCvj, the mixture was filtered through a small plug of 
silica gel and the filtrate concentrated under reduced pressure to afford 435 mg 
(100%) of the title compound as a yellow oil. ""H NMR (CDCI3) 5 7.35 (m, 2H), 
7.05 (dd, 1H), 7.03 (m, 2H), 6.44 (dd, 1H), 5.60 (dd, 1H), 4.66 (d, 2H), 1.63 (t, 

25 1H); MS (DCI/NH3) m/e 191 (M+H)+ 

Example 64E 
4-(Furan-2-vloxvlbenzaldehvde 
To the compound resulting from Example 84D (430 mg, 2.30 mmol) 
30 dissolved in 9:1 CH2CI2-CH3CN (22 mL) was added N-morpholine-N-oxide 
(400 mg, 3.40 mmol) and powdered activated molcular sieves (2.10 g). After 
stirring for 10 minutes, tetrapropyl-ammonium pernrthenate (40. mg, 0.1 1 mmol) 
was added, the reaction was stirred at room temperature for 30 minutes, and 
then celite and Et20 were added. The mixture was filtered through a small 
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plug of silica gel, and the filtrate concentrated to give 350 mg (81%) of the title 
compound as a brown oil. 1H NMR (CDCI 3 ) 8 9. 95 (s, 1H), 7.88 (m, 2H), 7.12 
(m, 3H), 6.42 (dd, 1H), 5.76 (dd, 1H). MS (DCI/NH3) m/e 189 (M+H)+ 206 
(M+H+NH 3 )+ 



Example 84F 
N-Propyl-N-4-(furan-2-yloxy)benzylamine 
Using the compound resulting from Example 84E, the title compound 
was prepared by the method of Example 81A. 1 H NMR (CDCI3) 8 7.28 (m, 2H), 
7.05 (dd, 1H), 6.99 (m, 2H), 6.33 (dd, 1H), 5.56 (dd, 1H), 3.77 (s, 2H), 2.60 (t, 
2H), 1.55 (m, 2H), 0.93 (t. 3H). MS (DCI/NH3) m/e 232 (M+H)+. 

Example 84G 
(1 a.2B.3B.4crt-1 .2-DirN-propvl-N-(4-(furan-2- 
yloxyben2vnaminocarbonvllcvclobutane-3.4-dicarboxvlic acid 
Using the compound resulting from Example 84F, the title compound 
was prepared by the method of Example 81 B. 1 H NMR (DMSO-d6) 8 7.32, 
7.25 (both m, total 6H), 7.02, 6.95 (both m, total 4H), 6.48 (m, 2H), 5.78 (m, 2H), 
4.70, 4.25 (both m, total 4H), 3.90, 3.60 (both m, total 4H), 3.55-3.15, 2.93, 2.78 
(envelope, m, m, total 4H), 1.48 (m, 4H), 0.80 (m, 6H). MS (FAB-) m/e 657 (M- 
H)-. Anal cald for C36H38N2O10 • 0.5 H 2 0: C, 64.76; H, 5.89; N, 4.20. Found: 
C, 64.82; H, 5.81; N, 3.99. 

Example 85 
1 1 tt.2B.3B.4al-1 .2-DirN-propvl-N-f4-fthiazol-2- 
yloxybenzvnaminocarbonvncvclobutane-3.4-dlcarboxvlic acid 
Using ethyl-4-hydroxybenzoate and 2-bromothiazole, ethyl 4-(thiazol-2- 
yloxy)benzoate was prepared by the method of Example 82A, except the 
reaction was heated to 120 °C overnight, and chromatography using 9:1 
hexane-EtOAc was used for the purification. 1H NMR (CDCI3) 8 8.10 (m, 2H), 
7.35 (m, 2H), 7.28 (d, 1H), 6.90 (d, 1H), 4.38 (q, 2H), 1.39 (t, 3H). MS 
(DCI/NH3) (M+H)+ 250 and (M+H+NH 3 ) + 267. 
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Using the ester prepared above and the procedures described in 
Example B4D provided 4-(thiazol-2-yloxy)benzy! alcohol. "»H NMR (CDCI 3 ) 8 
7.43 (m, 2H), 7.28 (m, 2H), 7.23 (d, 1H), 6.82 (d, 1H), 4.70 (d, 2H), 1.88 (t, 1H). 
MS (DCI/NH3) (M+H)+ 208. 

Using the alcohol prepared above and the procedures described in 
Example 84E, except chromatography using 4:1 hexane-EtOAc was used for 
purification, provided 4-(thiazol-2-yloxy)benzaldehyde. 1 H NMR (CDCI3) 8 
10.00 (s, 1H), 7.95 (m, 2H), 7.46 (m, 2H), 7.30 (d, 1H), 6.95 (d, 1H). MS 
(DCI/NH3) (M+H)+ 206 and (M+H+NH 3 )+ 223. 

Using the aldehyde prepared above and the procedures described in 
Example 81 A, except 3-5% MeOH in CHCI3 was used for the chromatography, 
provided N-propyl-N-(4-(thiazoly-2-yloxy)benzyl)amine. 1 H NMR (CDCI 3 )8 
7.39 (m, 2H), 7.23 (d, 1H), 7.23 (m, 2H), 6.80 (d, 1H), 5.56 (dd, 1H), 3.80 (s, 
2H), 2.63 (t, 2H), 1 .55 (m, 2H), 0.96 (t, 3H). MS (DCI/NH3) (M+H)+ 249. 

Using the amine prepared above, the title compound was prepared by 
the method of Example 81 B, except additional purification by preparative 
HPLC was required (Rainin Dynamax-60A C18 column, using a gradient of 20- 
100% CH3CN vs 0.1% TFA in water). 1H NMR (DMSO-d 6 ) 8 7.40-7.20 
(envelope, 12H), 4.75, 4.30 (both m, total 4H), 4.00, 3.89, 3.65 (all m, total 4H), 
3.55-3.20, 2.96, 2.78 (envelope, m, m, total 4H), 1.50 (m, 4H), 0.80 (m, 6H). MS 
(FAB+) m/e 693 (M+H)+. Anal cald for C34H36N4O8S2 • 0.33 TFA: C, 56.99; H, 
5.01 ;N, 7.67. Found: C, 57.02; H, 5.11; N, 7.64. 

Example 86 
( 1 a.2B.3B.4aV1 ^-DirN-propvl- N^-fovrroM - 
Vlmethvnbenzvnaminocarbonvncvclobutane.3. 4-dicarboxvlic aniri 

Example 86A 
N-(4-fPvrrol-1-vlmethyl)b enzvhamine 
Using pyrrole and 4-(bromomethyl)benzonitrile and the method of 
Example 83A, except using DMF as the solvent, provided N-(4- 
cyanobenzyl)pyrrole. 1 H NMR (CDCI3) 8 7.62 (m, 2H), 7.14 (m, 2H), 6.69 (m, 
2H), 6.24 (m, 2H), 5.15 (s, 2H). MS (DCI/NH3) (M+H)+ 183 and (M+H+NH 3 )+ 
200. 
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Using the nitrile prepared above and the method of Example 84D, 
except after 1 hour at room temperature the reaction was heated under reflux 
for 75 minutes, provided the title compound. 1 H NMR (CDCI3) 8 7.28 (m, 2H), 
7.10 (m, 2H), 6.69 (m, 2H), 6.19 (m, 2H), 5.05 (s, 2H) 3.85 (s, 2H). MS 
5 (DCI/NH3) (M+H)+ 1 87 and (M+H+NH 3 )+ 204. 

Example 86B 
N-r4-fPvrrol-1-vlmethvnb enzvllDropvlamida 
To the compound resulting from Example 86A (1 .00 g, 5.38 mmol) and 
10 triethylamine (0.60 g, 0.82 mL, 5.93 mmol) in CH2CI2 (8 mL) cooled to 0 °C 
was added propionyl chloride (0.50 g, 0.47 mL, 5.41 mmol) in CH2CI2 (5.5 mL) 
dropwise. The bath was removed and the reaction mixture stirred for 10 
minutes, then diluted with EtOAc. The resulting solution was washed with 3 x 1 
M H3P04, 3 x saturated NaHC0 3 and brine, dried over Na2S04 and 
15 concentrated under reduced pressure to afford 1.25 g (96%) white solid. 1 H 
NMR (CDCI3) 8 7.24 (d, 2H), 7.08 (d, 2H), 6.69 (m, 2H), 6.19 (m, 2H), 5.75 (br s, 
1H), 5.05 (s, 2H) 4.40 (d, 2H), 2.23 (q, 2H), 1.18 (t, 3H). MS (DCI/NH3) (M+H)+ 
243 and (M+H+NH 3 ) + 260. 

20 Example 86C 

N-Propvl-N-r4-(Dvrrol-1-vlmethvhben2ynamine 
A solution of the compound resulting from Example 86B (1 .20 g, 4.96 
mmol) in THF (8 mL) was added to a solution of LAH in THF (9.9 mL of 1.0 M 
LAH), heated under reflux 3 hours, then cooled to 5 °C. Then water (0.50 mL), 

25 1 5% NaOH (0.50 mL), and water (1 .50 mL) were added and the mixture stirred 
for 15 minutes. After the addition of Et 2 0 and MgS04, the mixture was filtered 
through a small plug of silica gel, which was rinsed with CH2CI2. The filtrate 
was concentrated under reduced pressue and purified by chromatography 
using 97:3 CHCI 3 -MeOH to give a yellow oil (880 mg, 78%). "»H NMR (CDCI3) 

30 8 7.28 (d, 2H), 7.08 (d, 2H), 6.69 (m, 2H), 6.19 (m, 2H), 5.05 (s, 2H) 3.77 (s, 2H), 
2.59 (t, 2H), 1 .55 (m, 2H), 0.93 (t, 3H). MS (DCI/NH3) (M+H)+ 229. 
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Example 86D 
( 1 a.2B.3B.4nd-1 .2-DifN.pmp Y [.N.f4-rpvrrnl-1 - 
Vlmethvl)benzvl)qminocarbonvllcvclohiitane.3.4-din a rhnyy| ir ar M 
Using the compound resulting from Example 86C, the title compound 
was prepared by the method of Example 81 B. 1H NMR (DMSO-d 6 ) 8 7.20-7.00 
(envelope, 8H), 6.80 (m, 4H), 6.02 (m, 4H) 5.78 (m, 2H), 5.10, 5.08 (both s, total 
4H), 4.70, 4.25 (both m, total 4H), 3.92, 3.80, 3.60 (all m, total 4H), 3.55-3.10, 
2.90, 2.75 (envelope, m, m, total 4H), 1.45 (m, 4H), 0.78 (m, 6H). MS (FAB+) 
m/e 653 (M+H)+. Anal cald for C38H44N4O6 • 0.25 H 2 0: C, 69.44; H, 6.82; N, 
8.52. Found: C, 69.47; H, 6.70; N, 8.35. 

Example 87 
(1 q.2B.3B.4al-1 ^-DifNI-pm pvl-N-O-mRthyl^. 
Phenoxvbenzvhaminocarbonyl|r> vc lobutanp-a 4-dicarboyylin ariri 

Example 87A 
3-Methyl-4-ph enoxvben7alriflhy dft 
Phenol (2.58 g, 24.0 mmol) in DMSO (5 mL) was added dropwise to a 
suspension of NaH (60%, 1.63 g, 40.4 mmol) in DMSO (10 mL) over a period 
of 15 minutes. After another 15 minutes, a solution of 4-fluoro-3- 
methylbenzaldehyde (2.54 g, 20.5 mmol) in DMSO (5 mL) was added. The 
reaction was heated at 125 °C for 3 hours, then cooled to room temperature 
and partitioned between 1 & HCI and Et 2 0. The Et 2 0 layer was washed with 
15% NaOH and brine, dried over Na 2 S0 4 . Vacuum distillation (3.4 mm Hg, 
154-8 °C) gave 2.35 g oil which was purified by chromatography using 9:1 
hexane-Et 2 0 to afford 1 .98 g (46%) of a colorless oil. 1H NMR (CDCI3) 8 9.92 
(s, 1H), 7.85 (m, 2H), 7.30 (m, 1H), 7.05 (m, 3H), 6.90 (m, 2H), 2.38 (s, 3H). MS 
(DCI/NH3) (M+H)+ 21 3 and (M+H+NH 3 )+ 230. 
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Example 87B 
M«.2B.3B.4^-1.2-Dif N-propyl-r4-r3'. 

methvnphenoxvbenzvnaminocarbonyl)cyclob utane-3.4-dicarboxvlic acid 
Using the compound resulting from Example 87A and the procedures 
5 described in Example 81 A provided N-propyl-N-(3-methyl-4- 

phenoxybenzyl)amine. 1 H NMR (CDCI3) 8 7.28 (m, 2H), 7.30 (m, 1H), 6.95 (m, 
2H), 6.90 (m, 1H), 6.80 (m, 2H), 3.77 (s, 2H), 2.33 (s. 3H), 2.62 (t, 2H), 1.55 (m, 
2H), 0.93 (t, 3H). MS (DCI/NH3) (M+H)+ 256. 

Using the amine prepared above and the procedures described in 
10 Example 81 B provided the title compound. 1 H NMR (DMSO-d 6 ) 8 7.30-7.1 0 
(envelope, 6H), 7.00-6.75 (envelope, 10H), 4.70, 4.25 (both m, total 4H), 3.95, 
3.63 (both m, total 4H), 3.55-3.15, 2.95, 2.80 (envelope, m, m, total 4H), 2.27 
(m, 6H), 1.50 (m, 4H), 0.80 (m, 6H). MS (FAB+) (M+H)+ 707. Anal cald for 
C42H46N2O8: C, 71 .37; H, 6.56; N, 3.96. Found: C, 71.12; H, 6.49; N, 3.82. 

15 

Example 88 
0 a.2B.3B.4aV1 .2-DirN-Dropyl-N-M-naphth-2- 

vloxvbenzvnaminocaroonyllcvclobut ane-3.4-dicarboxvlic acid 
Using 2-naphthol and the method of Example 87A, except the vacuum 
20 distillation was omitted, afforded 4-(naphth-2-yloxy)benzaldehyde. 1 H NMR 
(CDCI3) 8 9.94 (s, 1H), 7.90 (m, 4H), 7.78 (m, 1H), 7.50 (m, 3H), 7.28 (dd,1H), 
7.12 (m, 2H). MS (DCI/NH3) (M+H)+ 249 and (M+H+NH 3 )+ 266. 

Using the aldehyde prepared above and the procedures described in 
Example 81 A afforded N-propyl-N-(4-(naphth-2-yloxybenzyl)amine. 1H NMR 
25 (CDCI3) 8 7.82 (m, 2H), 7.70 (m, 1 H), 7.42 (m, 2H), 7.32 (m, 1 H), 7.27 (m, 3H), 
7.04 (m, 2H), 3.79 (s, 2H), 2.62 (t, 2H), 1.55 (m, 2H), 0.93 (t, 3H). MS (DCI/NH3) 
(M+H)+ 292. 

Using the amine prepared above and the procedures described in 
Example 81 B afforded the title compound. 1H NMR (DMSO-d 6 ) 87.90 (m, 4H), 
30 7.78 (m, 2H), 7.44 (m, 6H), 7.25 (m, 6H), 7.00 (m, 4H), 4.70, 4.30 (both m, total 
4H), 3.95, 3.63 (both m, total 4H), 3.55-3.15, 3.00, 2.80 (envelope, m, m, total 
4H), 1.50 (m, 4H), 0.80 (m, 6H). MS (FAB+) (M+H)+ 779. Anal cald for 
C48H46N 2 0 8 : C, 74.02; H, 5.95; N, 3.60. Found: C, 73.70; H, 6.10; N, 3.54. 
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Example 89 

(1 g,2g,3P.4ff)-1 .2-PirN-propyl-N-(4-(3-methyl-1 - , 
phepoxy)ben^yl)^minocqrbonyl1cyclobutane-3,4-dicarboxylic apjd 

5 Example 89A 

4-(3-MethyM-phenoxy)benzonitrile 
Using phenol and 2-fluoro-5-nitrotoluene and the procedures described 
in Example 82A, except the reaction was heated to 60 °C overnight and 
vacuum distilled at 4.5 mm Hg, 174-5 °C, provided 4-(3-methyl-1- 
10 phenoxy)nitrobenzene. 1 H NMR (CDCI 3 ) 8 8.16 (dd, 1H), 8.00 (dd, 1H), 7.42 
(m, 2H), 7.23 (m, 1H), 7.05 (m, 2H), 6.78 (d, 1H),2.42 (s, 3H). MS (DCI/NH3) 
(M+H)+ 247. 

The nitro compound prepared above was reduced under H2 using 10% 
Pd/C catalyst in MeOH to give 4-(3-methyM-phenoxy)aniline. 1H NMR 

15 (CDCI3) S 7.27 (m, 2H), 6.97 (m, 1 H) f 6.83 (m f 2H), 6.80 (d, 1 H), 6.60 (d, 1 H), 
6.52 (m, 1H), 3.53 (br s, 2H), 2.11 (s, 3H). MS (DCI/NH3) (M+H)+ 200 and 
(M+H+NH 3 ) + 217. 

The amine prepared above (2.75 g, 13.8 mmol) was added to 2 M HCI 
(20 mL) f then cooled to 5 °C, giving a thick purple slurry. A solution of sodium 

20 nitrite (0.84 g, 14.2 mmol) in water (2 mL) was added dropwise, keeping the 
reaction temperature -5 °C. Addition of another small portion of sodium nitrite 
to the reaction resulted in a positive HONO test with a Kl-starch strip, so the pH 
was adjusted to 7-8 using solid Na2C03. This solution was added in portions 
to a vigorously stirred mixture of toluene (10 mL) and a solution of sodium 

25 cyanide (1.65 g f 33.6 mmol) and copper(l) cyanide (1.45 g, 16.2 mmol) in water 
(15 mL), keeping the reaction temperature -5 °C. The very thick, brown 
reaction mixture was diluted with more toluene, stirred at 5 °C for 15 minutes, 
then at room temperature for 2 hours. The reaction mixture was added to 
EtOAc and 2 N HCI; the organic layer was dried with Na2S04 and 

30 concentrated in vacuo. The residue obtained was chromatographed eluting 
with 95:5 hexane-Et20 to give the title compound as an orange-red oil (500 
mg, 17%). 1H NMR (CDCI3) 57.55 (d, 1H), 7.40 (m, 3H), 7.20 (m, 1H), 7.00 (m, 
2H), 6.79 (d, 1 H), 2.35 (s, 3H). MS (DCI/NH3) (M+H+NH 3 )+ 227. 
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Example 89B 
4-(3-Methy|-Vphenoxy)benzaldehyde 
To the compound resulting from Example 89A (490 mg, 2.34 mmol) 
dissolved in toluene (12 mL) and cooled to 0 °C was added 5 mL of 1.5 M 
5 DIBAL in toluene. The reaction mixture was stirred at 0-10 °C for 2.5 hours, 
then EtOAc and 1 M HCI were added. The organic layer was washed with 
water and brine, dried over Na2S04 and concentrated under reduced 
pressure. Chromatography of the residue using 95:5 hexane-EtOAc gave the 
title compound as an orange oil (330 mg, 66%). 1 H NMR (CDCI3) 6 9.90 (s, 
10 1H), 7.80 (d, 1H), 7.63 (dd, 1H), 7.40 (m, 2H), 7.19 (m, 1H), 7.03 (m, 2H), 6.85 
(d, 1H), 2.40 (s, 3H). MS (DCI/NH3) (M+H)+ 213 and (M+H+NH 3 )+ 230. 

Example 89C 
(1 tt,2P.3B,4ttH ,2-Pi!N-propyH3-methyl-4- 
15 phenoxvbenzynaminocarbonyl)cvclobutane-3.4-dicarboxylic acid 

Using the compound resulting from Example 89B and the procedures 
described in Example 81 A afforded N-propyl-N-(4-(3-methyl-1- 
phenoxy)benzyl)amine. 1 H NMR (CDCI3) 87.30 (m, 2H), 7.22 (d, 1H), 7.10 
(dd, 1H), 7.03 (m, 1 H), 6.88 (m, 3H), 3.76 (s, 2H), 2.64 (t, 2H), 2.22 (s, 3H), 
20 1 .58 (m, 2H), 0.95 (t, 3H). MS (DCI/NH3) (M+H)+ 256. 

Using the amine prepared above and the procedures described in 
Example 81 B, the title compound was prepared. 1 H NMR (DMSO-d6> 5 7.35 
(m, 4H), 7.19 (m, 2H), 7.07 (m, 4H), 6.84 (m, 6H), 4.65, 4.30 (both m, total 4H), 
3.95, 3.63 (both m, total 4H), 3.55-3.10, 3.00, 2.80 (envelope, m, m, total 4H), 
25 2.18, 2.15, 2.13, 2.10 (all s, total 3H), 1 .50 (m, 4H), 0.80 (m, 6H). MS (FAB+) 
(M+H)+707. Anal cald for C42H46N2O8: C, 71.37; H, 6.56; N, 3.96. Found: C, 
70.96; H, 6.39; N, 3.84. 

Example 90 

30 (1a.2B.3ft.4nri-1 ■2-DirN- P ropvl-N-f4-r4-methvl-1 - 

phenoxy^benzynaminocar bonyl)cvclobutane-3.4-dicarboxvlic acid 
Using p-cresol and the procedures described in Example 87A, except . 
the vacuum distillation was omitted, afforded 4-(4-methyl-1- 
phenoxy)benzaldehyde. 1H NMR (CDCI3) 59.92 (s, 1H), 7.82 (m, 2H), 7.21 (m, 
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2H), 7.04 (m, 2H), 6.98 (m, 2H), 2.38 (s, 3H). MS (DCI/NH3) (M+H)+ 213 and 
(M+H+NH 3 )+230. 

Using the aldehyde prepared above and the procedures described in 
Example 81 A afforded N-propyl-N-(4-(4-methyl-1-phenoxy)benzyl)amine. 1H 
5 NMR (CDCI3) 6 7.28 (m, 2H), 7.13 (m, 2H), 6.95 (m, 2H), 6.90 (m, 2H), 3.77 (s, 
2H), 2.62 (t, 2H), 2.32 (s, 3H), 1.55 (m, 2H), 0.93 (t, 3H). MS (DCI/NH3) (M+H)+ 
256. 

Using the amine prepared above and the procedures described in 
Exampje 81 B afforded the title compound/ NMR (DMSO-d 6 ) 8 7.20 (m, 8H), 
10 6.96-6.82 (envelope, 8H), 4.70, 4.25 (both m, total 4H). 3.90, 3.60 (both m, total 
4H), 3.55-3.15, 2.95, 2.78 (envelope, m, m, total 4H), 2.27 (m, 6H), 1.50 (m, 
4H), 0.80 (m, 6H). MS (FAB+) (M+H)+ 707. Anal cald for C42H46N2O8 • 0.25 
H 2 0: C, 70.92; H, 6.59; N, 3.94. Found: C, 70.80; H, 6.69; N, 3.83. 

15 Example 91 

( 1 ct.2B.3MaH .2-nirN-propvl-Nl.r4-n a phth-i - 

YlOXVbenzvnaminocarbonvncvclobutane. 3.4-dicarhoYylir aHri 
Using 1-naphthol and the procedures described in Example 87A, except 
the vacuum distillation was omitted, afforded 4-(naphth-1-yloxy)benzaldehyde 
20 1 H NMR (CDCI3) 8 9.93 (s, 1 H), 8.00 (dd, 1 H), 7.93 (d, 1 H), 7.85 (m, 2H), 7.76 
(d, 1H), 7.55 (m, 1H), 7.49 (m, 2H), 7.17 (dd, 1H), 7.08 (m, 2H). MS (DCI/NH 3 ) 
(M+H)+ 249 and (M+H+NH 3 )+ 266. 

Using the aldehyde prepared above and the procedures described in 
Example 81 A afforded N-propyl-N-(4-(naphth-1-yloxy)benzyl)amine. 1H NMR 
25 (CDCI3) 88.21 (m, 1H), 7.87 (m, 1H), 7.60 (d, 1H) 7.50 (m, 2H), 7.37 (dd, 1H), 
7.30 (m, 2H), 7.02 (m, 2H), 6.93 (dd, 1H), 3.79 (s, 2H), 2.62 (t, 2H), 1.55 (m, 2H), 
0.93 (t,3H). MS (DCI/NH3) (M+H)+ 292. 

Using the amine prepared above and the procedures described in 
Example 81 B, the title compound was prepared. 1H NMR (DMSO-d 6 ) 8 8.05 
30 (m, 2H), 7.97 (m, 2H), 7.73 (m, 2H), 7.60-7.40 (envelope, 6H), 7.25, 7.18 (both 
m, total 4H), 6.95 (m, 6H), 4.70, 4.27 (both m, total 4H), 3.90, 3.63 (both m, total 
4H), 3.55-3.15, 2.95, 2.78 (envelope, m, m, total 4H), 1.50 (m, 4H), 0.80 (m, 
6H). MS(FAB+)(M+H)+779. Anal cal'd for C48H46N2O8 • 0.25 H 2 0, 73.59 C, 
5.98 H, 3.58 N. Found: C, 73.46; H, 5.94; N, 3.48. 
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Example 92 
(1 tt,2P,3P,4ff)-1 ,2-DifN-propyl-N-(4- 
phenoxvbenzvnaminocarbonvl1cvclobutane-3-rN-f5-tetrazolvh1c arboxamid6-4- 
5 parpQxyijp acid 

Example 92A 
Methvl < 1a.2B.3B.4^-1 .2-DifN-propvl-N-(4- 
phenoxvbenzvnaminocarbonvl1cvclobutane-3-rN-f5-tetra2oly h1carboxamide-4- 
10 carboxylate 

To the compound resulting from Example 95 (118 mg, 0.17 mmol) 
dissolved in THF (0.8 mL) was added carbonyl diimidazole (28 mg, 0.17 
mmol). The reaction was heated under reflux for 1.5 hours, and then 
anhydrous 5-aminotetrazole (22 mg, 0.26 mmol) was added, and the reflux 
15 was continued for another 2.5 hours. After cooling to room temperature, ice 
and 3 U HCI were added, followed by extraction with EtOAc. The combined 
organic extracts were washed with brine, dried over Na2S04, and 
concentrated under reduced pressure. The residue obtained was purified by 
chromatography eluting with 98.75:1.25:0.5 CHCl3-MeOH-CH3C02H to afford 
20 50 mg (38%) of the title compound as a glass. MS (FAB+) m/e 760 (M+H)+. 

Example 92B 
(j g.2B.3B.4cri-1 .2-Dif N-propvl-N-M- 
phenoxvbenzvnaminocarbonvl1cvclobutane-3-rN-f5-tetrazo ivh1carboxamide-4- 
25 carboxyljc acid 

To the compound resulting from Example 92A (47 mg, 0.062 mmol) 
dissolved in MeOH (1 .2 mL) and cooled to 0 °C was added a solution of lithium 
hydroxide monohydrate (1 1 mg, 0.26 mmol) in water (0.3 mL). The reaction 
was stirred at 0-10 °C under tvfe for 1.5 hours, then warmed at room 
30 temperature for 3 hours. The reaction mixture was partitioned between EtOAc 
and 1 M H3PO4, and the organic phase was washed with brine, dried over 
Na2S04, and concentrated under reduced pressure. The residue obtained 
was purified by chromatography eluting with 97.5:2.5:0.5 CHCl3-MeOH- 
CH3CO2H to afford a glass that was treated as in Example 81 B to give 20 mg 
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(44%) of the title compound as a white solid. 1H NMR (DMSO-d 6 ) 5 7.39, 7.28, 
7.13, 7.00 (all m, total 18H), 6.63 (m, 1H), 4.75, 4.33 (both m, total 4H), 4.00, 
3.75 (both m, total 4H), 3.60-2.60 (envelope, total 4H), 1.50, 1.15 (both m, total 
4H), 0.83, 0.55 (both m, total 6H). MS (FAB+) (M+H)+746. Anal cald for 
5 C41H43N7O7 • 1.0 H 2 0: C, 64.47; H, 5.94; N, 12.84. Found: C, 64.59; H, 6 00- 
N, 12.60. 

Example 93 
( 1 a.2B.3p.4nt\.1 9- DirN-pmpyl-N-(4- 

0 Phenoxvben2vhaminnnfl ri3onvl]cynlnbutane-3-(N-(fi- 
tetra2olvhaminnr a rho nv | am ino^. C arboyylir arj H 



15 



Example 93A 
Methvl Mnt.2|V3p 4^.1.g-nipN-prn p Y |.M-(/i- 

phenoxvbenzvnaminnna rbonyl)cvRlohutane-a-(N-( R- 
tetrazolvnaminocarbonylam inoM-carhftyY igto 
To the compound resulting from Example 95 (212 mg, 0.30 mmol) 
dissolved in toluene (3 mL) was added triethylamine (0.42 mL, 31 mg, 0.30 
mmol) and diphenylphosphorylazide (0.72 mL, 92 mg, 0.33 mmol). After 
stirring at 65 °C under N 2 for 2.25 hours, anhydrous 5-aminotetrazole (255 mg, 
3.00 mmol) was added and stirring was continued at 90 °C under N 2 overnight. 
The reaction was diluted with EtOAc, washed with 1 M H3PO4 and brine, then 
dried over Na 2 S0 4 . After filtration and evaporation, the residue was purified by 
chromatography using 98.75:1.25:0.5 CHCI 3 -MeOH-CH 3 C0 2 H to afford 50 mg 
25 (21%) of the title compound as a glass. MS (FAB+) (M+H)+ 775. 



20 
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Example 93B 
(1«.2B.3&,4g)-1.2-DifN-propyl-N-f4- 
phenoxvbenzvhaminocarbonvncvclobutane-3-rN-(5- 
tetrazolvnaminocarbonvlamino M-carboxvlic acid 
5 Using the compound resulting from Example 93A and the procedures 

described in Example 82B, except the reaction was run at room temperature 
overnight and the chromatography used 97:3:1 CHCl3-MeOH-CH3C02H, 
afforded the title compound. 1 H NMR (DMSO-d6) was consistent with expected 
structure. MS (FAB+) (M+H)+ 761 . Anal cald for C41H44N8O7 • 1 .25 H2O: C, 
10 62.87; H, 5.98; N, 14.30. Found: C, 62.61; H, 5.80; N, 14.06. 

Example 94 
M a.2B.3B.4aH .2-DifN-Dropvl-N-r4- 
phenoxvbenzvUaminocarbonvncvclobutane-3.4-dicarboxylic acid Dimethyl 
15 Ester 

The resultant acid from Example 17 (268 mg, 0.395 mmol) in 
dichloromethane (5 mL) was treated with an excess of an ether solution of 
diazomethane. Evaporation of the solvent afforded 283 mg (100%) of the title 
compound as an oil. 1 H NMR (CDCI3, 300 MHz) 6 7.40-6.87 (m, 18H), 4.83, 
20 4.81 , 4.64, 4.57, 4.34, 4.22 (6 d, total 4H), 4.20-4.08, 3.97-3.81 (2 m, total 4H), 
3.72, 3.69, 3.53, 3.52 (4 s, total 6H). 3.63-3.43, 3.35-3.17, 3.17-3.01, 3.01-2.86 
(4 m, total 4H), 1.68-1.48 (m, 4H), 0.97-0.78 (m, 6H). 

Example 95 

25 ( 1 g.2B.3B.4a)-1 .2-DirN-proDVl-N-f4-phenoxvbenzvh aminocarbonvn-3- 

fmethoxvcarbonyhcyclobutane-4-carboxvlic Acid 
The resultant acid from Example 17 (10.97 g, 16.16 mmol) in 
dichloromethane was treated with an excess of an ether solution of 
diazomethane. The solvent was evaporated, and the residue was dissolved in 

30 a mixture of tetrahydrofuran (135 mL) and methanol (20 mL) and cooled to -10 
°C. A cold solution of LiOH monohydrate (680 mg, 16.2 mmol) in water (45 mL) 
was added, and the reaction was stirred at -10 to 0 °C for 3 hours and then was 
placed in a -20 °C freezer overnight. The reaction was quenched with 2 M HCI 
and concentrated. The residue was dissolved in ethyl acetate, washed with 
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brine, dried over Na2S04 and evaporated. Chromatography of the residue on 
silica gel with 2-4% methanol in chloroform afforded 5.56 g (50%) of the title 
compound as a foam. 1H NMR (CDCI 3 , 300 MHz) 8 7.40-6.83 (m, 18H), 4.88- 
3.80 (envelope, 8H), 3.71, 3.68, 3.52, 3.51 (4 s, total 6H), 1.65-1.38 (m, 4H), 
0.94-0.75 (m, 6H). Anal calcd for C41H44N2O8 • 0.5 H 2 0: C, 70.17; H, 6.46; N, 
3.99. Found: C, 69.82; H, 6.28; N, 4.01. 

Example 96 
na.2B.3«.4^-1.2-Dif N-DroDvl-N-r4. 

phenoxvhen2vnaminocarbonvncvclobutane-3.4 -dicarboxvlic Acid 

Example 96A 

(1a.2B.3a.4a^-1.2-DirN-propy|.N-r4-phenr>yy hen2vhaminocarbonyp-3- 
fmethoxycarbonyh cvclobutane-4-carbQxylin Arid 
To diisopropylamine (36 uL, 0.26 mmol) in tetrahydrofuran (1 mL) at -78 
°C was added n-BuLi (1 10 uL, 0.237 mmol, 2.15 M in hexane). After 10 
minutes the resultant compound from Example 95 (70.1 mg, 0.101 mmol) in 
tetrahydrofuran (1 mL) was added. After 20 minutes at -78 °C, acetic acid (60 
M-L) in tetrahydrofuran (1 mL) was added, the solvent was evaporated, and the 
residue was partitioned between chloroform and a 2:1 mixture of brine and 2 M 
HCI. The mixture was extracted with chloroform which was dried over Na2SC-4 
and evaporated to afford 71.2 mg of a mixture of the title compound and the 
starting monoester. *H NMR 8 (CDCI3, 300 MHz) 3.655, 3.650, 3.595, 3.590 
(title compound) and 3.71, 3.68, 3.52, 3.51 (starting monoacid) (8 s, total 6H). 

Example 96B 
( 1 <x.2B.3«.4nri-1 .2-Dif N-propyl-N-^. 

Phenoxvbenzvnaminocarbonvncvclobutane.a.4. dicarboxvlin Arid 
To the resultant compound mixture from Example 96A (64.3 mg, 0.093 
mmol) in tetrahydrofuran (1.5 mL) at 0 °C was added LiOH monohydrate (14 
mg, 0.33 mmol) in water (0.5 mL). After 2 hours at 0 °C and 1 hour at ambient 
temperature the reaction was quenched with a 1:1 mixture of brine and 2 M 
HCI. The mixture was extracted with chloroform which was dried over Na2S04 
and evaporated to afford 59.4 mg of a mixture of the title compound and the 
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resultant compound from Example 17. Separation by reverse-phase HPLC 
(60% CH3CN/40% H2O/0.1% trifluoroacetic acid mobile eluent) afforded 23.9 
mg of the title compound. "«H NMR 5 (D 6 -DMSO, 300 MHz) 7.40-7.30, 7.20- 
7.06, 7.02-6.91, 6.91-6.82 (4 m, total 18H), 5.15-4.98, 4.78-4.53, 4.45-4.30, 
5 4.27-4.08 (4 m, total 4H). 



Example 97 
na.2p.3«.4^-1.2.D1 fN-propyl-N-r4- 

10 phenoxvben2vhaminoca rbonyncyclobutane-3.4-dicarboxylic Acid 

Sodium methoxide in methanol (2 mL of 27.4 mg Na in 10 mL methanol) 
was added to the resultant compound from Example 94 (70.3 mg, 0.099 mmol), 
and the mixture was heated at reflux for 18 hours. The mixture was diluted with 
ethyl acetate, washed with 2 M HCI and brine, and then was dried over 

15 Na2S04 and evaporated to afford 60.9 mg (87%) of an oil. This material was 
dissolved in methanol (2 mL) and treated with 1 M NaOH (0.5 mL). After 5 
hours at ambient temperature, the solvent was evaporated, and the residue 
was partitioned between chloroform and a 2:1 mixture of brine and 2 M HCI. 
The mixture was extracted with chloroform which was dried over Na2SC~4 and 

20 evaporated. Recrystallization of the residue from a mixture of ethyi acetate and 
hexane afforded 42.3 mg (63%) of the title compound as a white solid. 1 H 
NMR (D 6 -DMSO, 150 °C, 300 MHz) 8 7.40-6.90 (envelope, 18H), 4 55 (d, 2H), 
4.44 (d, 2H), 3.76 (d, 2H), 3.36 (d, 2H), 3.21 (t, 4H), 1.53-1.40 (m, 4H), 0:80 (t, 
6H). Anal calcd for C40H42N2O8: C, 70.78; H, 6.24; N, 4.13. Found: C, 70.66; 

25 H, 6.20; N, 4.07. 
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Example 98 

na.2B.3B.4«M.2-DifN-proDvl-N-r4-Dhenoxvbe n2vnaminocarbon V l].a. 
r(hvdroxvaminotearoonvllcvclobutane- 4-carboxvlic arid 

5 Example 98A 

(1 a.2B.3B.4a)-3-fBen2vloxvaminokarbonvl .1 .2-difN-prop V UNI-^- 

phenoxvbenzvhaminocarbonvn-4-^met hoxvcarbonyncvclobutane 
To the resultant compound from Example 95 (72.5 mg, 0.105 mmol) in 
dichloromethane (2 mL) at -10 °C was added 4-methylmorpholine (28 uL, 0.26 

10 mmol) followed by isobutylchloroformate (15 uL, 0.1 1 mmol). After 3 minutes, 
(O-benzyl)hydroxylamine hydrochloride (20 mg, 0.13 mmol) was added. The 
reaction was stirred at -10 to 0 °C for 15 minutes and then at ambient 
temperature for 2 hours. The mixture was diluted with ethyl acetate and 
washed sequentially with 2 M HCI, saturated NaHC0 3 solution and brine, dried 

15 over Na2S04 and evaporated. Chromatography of the residue on silica gel 
with 50% ethyl acetate in hexane afforded 67.1 mg (80%) of the title 
compound. 1 H NMR (CDCI3, 300 MHz) 8 7.45-6.85 (m, 23H), 5.43-4.70 (m, 
2H), 3.67, 3.62, 3.53, 3.51 (4 s, total 3H). 

20 Example 98B 

(1a.2B.3B.4ra^-1.2-DirN-prQpvl-N-M-phen oxvben?yhaminocarbonvl1-a- 
(hvdroxvaminQ^G arbonvl-4-^methoxvcarbonvncvclQbutane 
The resultant compound from Example 98A (65.0 mg, 0.081 mmol) and 
10% Pd/C (51 mg) in ethyl acetate (2 mL) were stirred under a hydrogen 
25 atmosphere for 4 hours. The mixture was filtered and evaporated to afford 51 .7 
mg (90%) of the title compound as a foam. ""H NMR (CDCI3, 300 MHz) 8 7.40- 
6.77 (m, 19H), 4.85-4.22 (m, 4H), 4.22-3.70 (m, 4H), 3.69, 3.66, 3.55, 3.53 (4 s, 
total 3H), 3.60-2.90 (envelope, 4H), 1.65-1.30 (m, 4H), 0.93-0.75 (m, 6H). 
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Example 98C 

(1«.gB,3&,4g)-1.2-Pi[N-prQpyl-N-(4-ph9npxvbenzy|)aminogarponyll-3- 

rfovdroxvaminotearbonvllcvclobutane-4-carboxvlic Acid 
To the resultant compound mixture from Example 98B (48.9 mg, 0.069 

5 mmol) in tetrahydrofuran (1 .5 mL) at 0 °C was added LiOH monohydrate (1 1 .0 
mg, 0.26 mmol) in water (0.5 mL). After 1 hour at 0 °C the reaction was 
quenched with 2 M HCI and concentrated. The residue was dissolved in ethyl 
acetate, washed with a 1 :1 mixture of brine and 2 M HCI and then brine, dried 
over Na2S04 and evaporated. The residue was dissolved in dichloromethane 

10 which was made turbid with hexane and evaporated to afford 45.8 mg (96%) of 
the title product as a foam. 1H NMR (CDCI 3 , 300 MHz) 6 7.45-6.75 (m, 19H), 
4.85-2.65 (envelope, 12H), 1.60-1.25 (m, 4H), 0.90-0.65 (m, 6H). Anal calcd for 
C40H43N3O8: C, 69.25; H, 6.25; N, 6.06. Found: C, 69.25; H, 6.47; N, 5.79. 

15 Example 99 

(J a.2p.3p.4al-3-( Aminotearbonvl-1 .2-DifN-propyl-N-(4- 
phenoxybenzyl^aminocarbonyncyclobutane-4-carboxylic acid 

Example 99A 

20 (1 g,2B,3&,4g)-3-(Amino)cart)o ny l- 1 , 2- d i rN-propyi-N-( 4- 

phenoxybenzyl)aminocart)onyl]-4-(methoxycarbonvl)cvclobutane 
Using the procedure of Example 98A but replacing (O- 
benzyl)hydroxylamine hydrochloride with concentrated aqueous NH4OH gave, 
after chromatography on silica gel with 80% ethyl acetate in hexane, the title 
25 compound in 89% yield as a foam. 1 H NMR (CDCI3, 300 MHz) 8 7.25-6.72 (m, 
18H), 6.32-6.05, 5.29-5.08 (2 br, total 2H), 4.80, 4.75, 4.65, 4.58, 4.45, 4.38, 
4.35-4.25 (6 d, 1 m, total 4H), 4.16-3.92 (m, 4H), 3.75, 3.73, 3.62 (3 s, total 3H), 
3.75-2.90 (envelope, total 4H), 1.70-1.35 (m, 4H), 0.95-0.75 (m, 6H). 
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Example 99B 

. ( 1 a.2B.3B.4aV3-f Aminotearb onvl-1 .2-dif N-propy|.N-(4- 
Phenoxvbenzvnaminocarbonvl]cvclob utane-4-carbQxylin Ariri 
Using the procedure of Example 98C with the resultant compound from 
5 Example 99A afforded the title compound in 1 00% yield as a foam. 1 H NMR 
(CDCI3, 300 MHz) 5 7.40-6.85 (m, 18H), 6.50-6.20, 5.60-5.40 (2 br, total 2H), 
4.82-4.15 (envelope, total 4H), 4.15-3.90 (m, 4H), 3.75-2.90 (envelope, total 
4H), 1.70-1.35 (m, 4H), 0.95-0.72 (m, 6H). Anal calcd for C40H43N3O7 ■ 0.4 
hexane: C, 71 .52; H, 6.89; N, 5.89. Found: C, 71.26; H, 6.91; N, 5.57. 

10 

Example 100 

(1a.2B.3R.4fTtV1.2-DifN-proDvl-N-r4-phe noxvbenzvhaminocarhnnyl]-a. 
(trifluorQmethanRsti |fonvlamino^cvclobutane-4-carboxylifi arid 

15 Example 10QA 

(1ff,2B,3P.4(x)-3-ftert-Butvloxvcarbonvlamino ^-1.2-dirN-prn P yl-N-/4. 
phenoxvbenzvl>aminocarbonvl1-4-rmet hoxvcarbonvncvclobutanft 
The resultant compound from Example 95 (147.5 mg, 0.213 mmol) in 
toluene (2 mL) was treated with triethylamine (30 uL, 0.21 mmol) and 
20 diphenylphosphoryl azide (50 uL, 0.23 mmol) and then was heated to 65-70 °C 
for 2 hours. tert-Butanol (200 uL, 2.1 mmol) was added, and the reaction was 
stirred at 90 °C for 90 hours. The mixture was diluted with ethyl acetate, 
washed sequentially with 2 M HCI, saturated NaHC0 3 solution and brine, dried 
over Na2SC>4 and evaporated. Chromatography of the residue on silica gel 
25 with 25-30% ethyl acetate in hexane afforded 64.0 mg (39%) of the title 

compound as a foam. 1H NMR (CDCI3, 300 MHz) 8 7.47-6.87 (m, 18H), 5.40- 
2.90 (envelope, total 13H), 3.71, 3.69, 3.56 (3 s, total 3H), 1.63-1.30 (m, 4H), 
1 .54, 1 .53, 1 .45 (3 s, total 9H), 0.95-0.77 (m, 6H). 
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Example 10QB 

(1a.2B.3B.4a)-1.2-DirN-propvl-N-(4-phenoxvbenzvnaminocarbonvn-4- 
methoxvcarbonvl-3-rftrifluoromethanesulfonvnaminolcvclobutane 
The resultant compound from Example 100A (62.0 mg, 0.081 mmol) was 

5 stirred for 1 hour in 4 M HCI in dioxane and evaporated. The residue was 
dissolved in dichloromethane, treated with triethylamine (25 ul) and applied 
directly to the top of a silica gel column which was eluted with ethyl acetate to 
afford 44.5 mg (83%) of the primary amine as a foam. To this compound (44.5 
mg, 0.067 mmol) in dichloromethane (2 ml) at -78 °C was added triethylamine 

10 (10 ul, 0.071 mmol) and trifluoromethanesulfonic anhydride (12 ul, 0.071 
mmol). After 1 hour, the reaction was warmed to ambient temperature and 
applied directly to the top of a silica gel column which was eluted with 25% 
ethyl acetate in hexane to afford 39.0 mg (73%) of the title compound as a 
foam. 1H NMR (CDCI3, 300 MHz) 8 7.45-6.85 (m, 18H), 5.00-2.87 (envelope, 

15 total 1 2H), 3.75, 3.72, 3.56, 3.54 (4 s, total 3H), 1 .70-1 .37 (m, 4H), 0.95-0.75 (m, 
6H). 

Example 100C 

( 1 cc.2B.3B.4aM .2-DirN-propvl-N-f4-Dheno xybenzyhaminocarbonyiy3. 
20 frtrifluoromethanesulfonvnaminolcvcl obutane-4-carboxvlic Acid 

Using the hydrolysis procedure of Example 97 with the resultant 
compound from Example 100B afforded the title compound in 100% yield as a 
glass. 1H NMR (CDCI3, 300 MHz) 6 7.40-6.80 (m, 18H), 5.02-2.90 (envelope, 
total 12H), 1.70-1.35 (m, 4H), 0.95-0.75 (m, 6H). Anal calcd for 
25 C40H42N3O8F3S • 0.25 H 2 0: C, 61.10; H, 5.45; N, 5.34. Found: C, 60.99; H, 
5.13; N, 5.13. 
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Example 101 

( 1 a.2B.3B.4ttV4-(Carboxvlmethvn-1 g-riirN- propvl-N-M. 
Phenpxybenzvnaminocarbonvllcvclobtjtanft- a-carboxvlic arid 

Example 101 A 

(1g,2B,3B,4oc)-1,2-r)|fN-PrPPVl-N-f4-Dhenoxvben7yh a minocarbonvl]-a- 
diazoacetvl-4-fmethoxvcarbonvnnyninhirtflnft 
To the resultant compound from Example 95 (259 mg, 0.374 mmol) in 
dichloromethane (3 ml_) at -10 °C was added 4-methylmorpholine (50 u.L, 0.46 
mmol) followed by isobutylchloroformate (54 uL, 0.41 mmol). After 3 minutes, 
an excess of an ether solution of diazomethane was added. The reaction was 
warmed from -10 to 10 °C over 3 hours. The mixture was washed with 
saturated NaHC0 3 solution and brine, dried over Na 2 S0 4 and evaporated. 
Chromatography of the residue on silica gel with 40% ethyl acetate in hexane 
afforded 213 mg (80%) of the title compound as a pale yellow foam, i H NMR 
(CDCI3, 300 MHz) 5 7.39-6.87 (m, 18H), 5.47, 5.43, 5.33, 5.29 (4 s, total 1H), 
4.98-2.90 (envelope, total 12H), 3.72, 3.71 , 3.562, 3.560 (4 s, total 3H), 1 .67- 
1.40 (m, 4H), 0.95-0.76 (m, 6H). 

Example 101R 

(1«.2B.3B.4rt)-1.P-DirN-propvl-NI-M- p henoxyhRn7yhaminocarbnnyl]-3- 
methoxvcarhonvl-4-(melh oxvcarbonylmethvhcy clnhiitanA 
The resultant compound from Example 101 A (210 mg, 0.293 mmol) in 
methanol (2 mL) was treated with a solution of silver benzoate in triethylamine 
(50 \iL of 50 mg AgOBn in 1 .0 mL triethylamine). After 1 hour, the solvent was 
evaporated, and the residue was chromatographed on silica gel with 25% ethyl 
acetate in hexane to afford 174 mg (82%) of the title compound as an oil. 1H 
NMR (CDCI3, 300 MHz) 8 7.40-6.87 (m, 18H), 4.98-4.05 (envelope, total 8H), 
3.71 , 3.68, 3.65, 3.64, 3.542, 3.540, 3.52, 3.51 (8 s, total 6H), 3.60-2.75 
(envelope, total 4H), 2.62-2.38 (m, 2H), 1.69-1.39 (m, 4H), 0.97-0.78 (m, 6H). 
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Example 101O 

. 0 a.2R.3R.4ntM-rCarboxv^methvni .2-dif N-prom/l-N-M- 
ph9noxvbenzvnaminocarbonvncvclobutane-3-carboxylic Acid 
Using the procedure of Example 98C with the resultant compound from 
5 Example 1 01 B afforded the title compound in 1 00% yield as a foam. 1 H NMR 
(CDCI3, 300 MHz) 8 7.47-6.82 (m, 18H), 4.88-2.78 (envelope, total 12H), 2.68- 
2.25 (m, 2H), 1.65-1.35 (m, 4H), 0.95-0.72 (m, 6H). Anal calcd for 
C41H44N2O8: C, 71 .08; H, 6.40; N, 4.04. Found: C, 71.31; H, 6.55; N, 3.73. 

10 Example 102 

( 1 a.2B.3B.4ori-3.4-Bis(diazoacetvh-1 .2-dif N-Dropyl-NM4- 
phenoxybenzyhaminocarbonyl]cvclobutane 
To the resultant compound from Example 17 (202 mg, 0.298 mmol) in 
dichloromethane (2 mL) at -10 °C was added 4-methylmorpholine (75 uL, 0.68 
15 mmol) followed by isobutylchloroformate (85 uL, 0.65 mmol). After 4 minutes, 
an excess of an ether solution of diazomethane was added. The reaction was 
warmed from -10 to 10 °C over 3 hours. The mixture was washed with 
saturated NaHCC>3 solution and brine, dried over Na2S04 and evaporated. 
Chromatography of the residue on silica gel with 50% ethyl acetate in hexane 
20 afforded 130 mg (60%) of the title compound as a yellow foam. 1 H NMR 

(CDCI3, 300 MHz) 6 7.38-6.88 (m, 18H), 5.28, 5.23, 5.15, 5.12 (4 s, total 2H), 
4.98-3.84 (envelope, total 8H), 3.65-2.97 (envelope, total 4H), 1.68-1.45 (m, 
4H), 0.97-0.79 (m, 6H). 

25 Example 1Q3 

f1 a.2B.3B.4a)-1 .2-Dif-N-propyl-N-(4- 
phenoxvbenzvnaminocarbonyl1cvclobutane-3.4-diacetic acid 

Example 103A 

30 ( 1 cc.2B.3B.4aM ^-dirN-DroDvl-N-te-phenoxvbenzvnaminocarbonvIl- 

cyclobutane-3.4-diacetic acid dimethyl ester 
The resultant compound from Example 102 (120 mg, 0.1.65 mmol) in 
methanol (2 mL) was treated with a solution of silver benzoate in triethylamine 
(50 uL of 50 mg AgOBn in 1 .0 mL triethylamine). After 2 hours, the solvent was 
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evaporated, and the residue was chromatographed on silica gel with 25% ethyl 
acetate in hexane to afford 90.6 mg (75%) of the title compound as an oil. 1H 
NMR (CDCI3, 300 MHz) 8 7.40-6.87 (m, 18H), 4.97-4.87, 4.73-4.62, 4.25-4.05 
(3 m, total 8H), 3.66, 3.64, 3.55 (3 s, total 6H), 3.73-3.54, 3.32-3.15, 3.08-2.95, 
2.85-2.35 (4 m, total 8H), 1.72-1.42 (m, 4H), 0.98-0.78 (m, 6H). 

Example 103B 
(1a.2B.3R.4nrl-1 9.n.f. N . pr np Y |.^- M . 

PhenoxvbenzvhaminQcarhn nvncycloh[itane-3.4-diaRfitin aHH 
To the resultant compound from Example 103A (87.8 mg, 0.1 19 mmol) 
in methanol (1.5 mL) and tetrahydrofuran was added 1 M NaOH (0.5 mL). After 
15 hours the reaction was quenched with 2 M HCI and concentrated. The 
residue was dissolved in ethyl acetate and washed with a 1 :1 mixture of brine 
and 2 M HCI and then brine, dried over Na 2 S0 4 and evaporated to afford 88 
mg (100%) of the final product as a foam. 1H NMR (CDCI3, 300 MHz) 6 7.37- 
6.90 (m, 18H), 4.97-4.89, 4.62-4.54, 4.35-4.23, 4.20-4.10, 3.68-3.58, 3.21-3.04, 
2.96-2.51, 2.32-2.22, 2.19-2.08 (multiplets, total 16H), 1.76-1.46 (m, 4H), 0.98- 
0.82 (m,6H). Anal calcd for C42H46N2C-8: C, 71.37; H, 6.56; N, 3.96. Found- 
C, 71.09; H, 6.83; N, 3.70. 



Examples 104 A and 104R 
( 1 a.2B.3R 4/yV1 9-nir N- D ropvl-N-r4- 

phenoxybenyvDaminooarbonvncvnlnh^ ane-S^-dicarhoxvlic arid Mftnn- 

Norleucine Amj dfl 
The resultant compound from Example 95 (100 mg, 0.144 mmol), </,A 
Norleucine-OMe hydrochloride (35.0 mg, 0.193 mmol), 1-hydroxybenzotriazole 
(53.0 mg, 0.392 mmol) and 4-methylmorpholine (35 |iL, 0.32 mmol) in 
dimethylformamide (1 .5 mL) at -1 0 °C were treated with 1 -(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (40 mg, 0.21 mmol). 
After 2 hours the cooling bath was removed, and the reaction was stirred at 
ambient temperature for 14 hours. The mixture was poured into saturated 
NaHC0 3 solution and extracted into ethyl acetate which was washed with 
water and brine, dried over Na 2 S0 4 and evaporated. Chromatography of the 
residue on silica gel with 30-35% ethyl acetate in hexane afforded two mono- 
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esters, diastereomeric at the leucine a-carbon, in 89% total yield. Each was 
hydrolyzed according to the procedure of Example 98C to afford the title 
compounds. Anal calcd for 104A C46H53N3O9: C, 69.76; H, 6.75; N, 5.31. 
Found: C, 69.73; H, 6.69; N, 5.10. Anal calcd for 104B C46H53N3O9 • 0.3 H2O: 
5 C, 69.29; H, 6.76; N, 5.27. Found: C, 68.90; H, 6.85; N, 5.04. 

Example 105-113 
The following compounds were prepared according to the method of 
Example 104. 

10 

Example 105A 
Ha.2B.3B.4aV1.2-DirN-propvl-N-f4- 
Dhenoxvbenzvhaminocarbonyllcvclobutane- 3-phenoxvcarbonvl-4-carboxvlic 

acid 

15 Anal calcd forC49H5iN 3 0 9 : C, 71.26; H, 6.22; N, 5.09. Found: C, 

70.99; H, 6.32; N, 4.86. 

Example 105B 
Ma.2B.3B.4aV1 ^-DifN-propvl-N-tt- 

20 Dhenoxvbenzvhaminocarbonvncvclobutane-3-phenoxvcarbon vl-4-carboxylic 

acid 

Anal calcd for C49H51N3O9 • 0.5 H 2 0: C, 70.49; H, 6.28; N, 5.03. 
Found: C, 70.33; H, 6.33; N, 4.85. 

25 Example 106 

(1 tt.2 P.3ff. 4ff H ,2-Di[N-propyl-N-(4- 
phenoxvben2vnaminocarbonvncvclobutane-3.4-dicarboxvlic acid mono- 

Glycine amide 

Anal calcd for C42H45N3O9 • 0.25 H 2 0: C, 68.14; H, 6.19; N, 5.66. 
30 Found: C, 68.28; H, 6.16; N, 5.28. 
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Example 107 
Ma.2B.3B.4ori-1 .2-Dif N-propyl-N-(4- 
phenoxvb9nzvnaminocarbonvHcyclob utane-3.4-dicarboxvlic acid mono-rf.A 

Proline emide 

Example 108 
( 1 a.2B.3B.4^-1 .2-DSrNI-prnpyl.M-^. 

phenoxyben2vnaminocarbonvncvclobu tane-3.4-dicarboxvlic acid mono- 

Sarcosine amide 
Anal calcd for C43H47N3O9 • 0.25 H 2 0: C, 68.47; H, 6.35; N, 5.57. 
Found: C, 68.27; H, 6.19; N, 5.39. 

Example 109 
( 1 a.2B.3B.4nri-1 ^-DirN -propyl-N-^- 

Phenoxvbenzvnaminocarbonvl1cv clobutane.3,4-dicarboxylic acid mono-rf/- 

Aspartic acid amide 
Anal calcd for C44H47N3O11 • 0.5 H 2 0: C, 65.82; H, 6.03; N, 5.23. 
Found: C, 65.66; H, 6.00; N, 4.94. 

Example 11 OA 
( 1 a.2B.3B.4nd-1 .g-DifN-propvl-N-U- 
phenoxvbenzvnam8nocarbonvncvclob utane-3.4-dicarboxvlic acid mono-Serine 

amide 

Anal calcd for C43H47N3O10 • 0.75 H 2 0: C, 66.27; H, 6.27; N, 5.39. 
Found: C, 66.00; H, 6.20; N, 5.13. 

Example 11 OB 
0 tt.2B.3B.4tri-1 .2.DirN-nrnpx/I.M.M- 

phenoxybenzvnaminocarbonvncvclobu tane-3.4-dicarboxvlic acid mono-Serine 

amide 

Anal calcd for C43H47N3O™ ■ 0.75 H 2 0: C, 66.27; H, 6.27; N, 5.39. 
Found: C, 66.25; H, 6.36; N, 5.16. 
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Ex.gm.ple 111 
f1«.2p.3p.4aW1.2-DirN- D ropvl-N-f4- 
phenoxvbenzynaminocaroonyl)cyclobutane-3.4-dicarboxvlic acid mono-p- 

Alanine amide 

5 Anal calcd for C43H47N3O9: C, 68.88; H, 6.32; N, 5.60. Found: C, 

68.49; H, 6.66; N, 5.47. 

Example 112 
(1 «.2p.3p.4ori-1 -2-Dif N-propyl-N-r4. 
10 phenoxvbenzvhaminoca it>onyl]cyclobutane-3.4-dicarboxylic acid mono-d- 

Norleucine amide 

The title compound was obtained as a single enantiomer. Anal calcd for 
C52H64N4O10 • H 2 0: C, 67.65; H, 7.20; N, 6.07. Found: C, 67.60; H, 7.00; N, 
5.93. 

15 

Example 113 
M a.2B.3B.4«V1 .2-DirN- D roDvl-N-/4. 

phenoxvbenzvnaminocarbonvl1cvclobutane-3.4-dicarboxvlic acid mono-/- 

Norleucine amide 

20 The title compound was obtained as a single enantiomer. Anal calcd for 

C52H64N4O10: 

Example 114 
(1 a.2p.3B.4«)-1 .2-DitN44-pvridynmethvl-N- 
25 (phenoxybenzyl)aminocarbonyl1cyclobutane-3.4-dicarboxylic acid 

To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.3 g, 1.5 
mmol) in CH3CN (5 mL) was added N-pyridylmethyl-N-phenoxybenzylamine 
(0.93 g, 3.21 mmol), prepared by the procedures described in Example 1 1 , in 
CH3CN ( 10 ml). The slurry was stirred for 5 minutes at 20 °C resulting in a 
30 homogeneous solution. The solution was stirred 20 hours at 20 °C, then 
concentrated in vacuo to a white foam. The foam was dissolved in 100 mL of 
ethyl acetate and washed successively with 50 mL 1 N H3PO4 and 10% NaCI, 
then dried over anhydrous sodium sulfate, filtered and solvent removed in 
vacuo to afford 1 .0 g of a white foamy solid. The crude product containing both 
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isomers was purified by silica gel chromatography eluting with 94:5:1 CHCI 3 - 
MeOH-HOAc. The slower moving product was isolated and characterized as 
the title compound. NMR (DMSO-d 6 , 500 MHz) 8 8.51-8.61 (m, 4H), 7.38- 
6.87 (m, 24H), 4.65-4.76 (m, 2H), 4.52-4.41 (m, 2H), 4.39-4.13 (m, 8H), 3.95- 
4.05 (m, 2H). 

Example 115 

f 1 «,2tt,3ft,4BH ,2-DirN-ProPVl-N-f Phenoxvbenzvnaminn c arbonvpeyclnh^ ■tano. 

3.4-dicarboxylic aniri 

Example 11SA 

(1g.2g,3B.4B)-1 .P-ni-r2-furvhcvnln butane-a 4-dinarboxvlic arid 

and 

Mq,2tt.3a.4ort-1 .P-DU2-furynnynlobutane.a.4-Hi carboxylir. arid 
Furan-2-acrylic acid (2 g, 0.014 mol), freshly recrystallized from 
ethanol/water, was dissolved in 60 mL CH3CN. Benzophenone (0.001 mol) 
was added and the resulting clear solution was bubbled with nitrogen for 30 
minutes and during irradiation for 7 hours with a high pressure 450 W Hg lamp. 
The mixture was cooled to room temperature, and the solvent was evaporated 
in vacuo leaving a clear yellow oil. The oil was dissolved in 40 mL ethyl ether 
and washed twice with 50 mL portions of saturated sodium bicarbonate 
solution. The combined bicarbonate washes were re-acidified to pH 2 and 
extracted with two 50 mL portions ethyl acetate. The combined organic- 
extracts were washed with 50 mL 10% NaCI solution, dried over anhydrous 
sodium sulfate, filtered and solvent removed in vacuo leaving 1.5 g yellow oil. 
The resulting crude yellow oil was dissolved in CHCI3 and purified by silica gel 
chromatography eluting with 1% MeOH in CHCI3. Two products were isolated 
and characterized by NMR spectroscopy. The faster moving product obtained 
in 30% yield was found to be (1a,2a,3B,4B)-1,2-di-(2-furyl)cyclobutane-3,4- 
dicarboxylic acid. NMR (CDCI3, 300 MHz) 8 7.35 (m, 1 H), 6.38 (m, 1 H), 6.17 
(m, 1H), 3.82 (m, 1H, J=10 Hz), 3.58 (m, 1H, J=10 Hz). MS (DCI/NH4) m/e 276. 
The slower moving product, obtained in 15% yield eluted from the column with 
8% MeOH in CHCI3. This product was characterized as (1a,2a,3a,4oc)-1,2-di- 
(2-furyl)cyclobutane-3,4-dicarboxylic acid. NMR (CDCI3, 300 MHz) 8 7.48 (m, 



WO 96/34850 



-165- 



PCTAJS96/06156 



1H), 7.20 (m, 1H), 5.94 (m, 1H) f 4.24 (m, 1H, J=7 Hz), 3.93 (m, 1H, J=7 Hz). MS 
(DCI/NH4) m/e 276. 

Example 

5 ria.2a.3B.4B^-1.2-DirN-Dropvl-N«rphenoxybenzyl)aminocarbony l1cyclo^ 

3 l 4"dic9rpoxylic qcjd 
The (1a f 2a,3p f 4P)-compound resulting from Example 115A (2 g, 7.2 
mmol) was dissolved in 20 mL of DMF and cooled to 0-5 °C in an ice bath. To 
this solution was added 4.2 g (15 mmol) of N-propyl-N-4-phenoxybenzylamine 

10 hydrochloride in 5 mL DMF, and the salt was neutralized with 2.1 mL (15 mmol) 
triethylamine. The mixture was stirred 5 minutes then 3.8 g BOP-CI (15 mmol) 
was added followed by an additional 2.1 mL of triethylamine. The mixture was 
stirred 2 hours at 0-5 °C then warmed to room temperature and stirred 
another 20 hours at room temperature. When the reaction was deemed 

15 complete by TLC analysis, the mixture was diluted with 200 mL ethyl acetate 
and washed with 2 x 50 mL 1 £J H3PO4, 2 x 50 mL satdurated NaHC03, and 2 
x 50 mL 10% NaCI. The organic layer was dried over anhydrous Na2S04, 
filtered and concentrated in vacuo leaving 2.8 g (54%) of crude product. The 
crude product was purified by silica gel chromatography eluting with 3:1 

20 hexane-ethyl acetate yielding (1a,2a,3p,4p)-1,2-di[N-propyl-N- 

(phenoxybenzyl)aminocarbonyl]-3,4-di(2-furyl)cyclobutane (1.5 g) as a light 
yellow oil. 1 NMR (CDCI3, 300 MHz) 5 7.37-6.86 (m, 18H), 6.29-6.06 (m, 6H), 
4.50-4.61 (m, 4H), 3.81-4.24 (m, 4H), 2.88-3.39 (m , 4H), 1.28-1.73 (m, 4H), 
0.71-0.87 (m,6H). MS (FAB+): 723. 

25 The furan groups were converted to carboxylic acids using the 

procedure described by Danishefsky et al., J. Amer. Chem. Soc, Hfi (12), 
3929 - 3940 (1988). The crude product was purified by silica gel 
chromatography eluting with 94:5:1 CHCl3-MeOH-HOAc to give the title 
compound (12 mg, 13%). 1 H NMR (CDCI3, 500 MHz) 8 0.80-0.95 (m, 6H), 1.25 

30 -1 .70 (m, 4H) f 3.08-3.40 (m, 4H), 3.50-3.65 (m, 2H), 3.88-4.05 (m, 2H), 4.20- 
4.27 (dd, 2H), 4.40-4.65 (m, 2H), 6.87-7.39 (m, 18H). MS (FAB+) m/e 679, 
(FAB") m/e 677. 
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Example 116 

(1g,2«,3g,4ffi)-1.2-DirN-ProPvl-N-(phenoxvbenzvnaminQcarbon yncvclobutanft. 

3.4-dicarboxylic acid 
The (1a,2a,3a,4a)-1,2-di-(2-furyl)cyclobutane-3,4-dicarboxylic acid 
5 prepared in Example 1 1 5A was coupled with N-propyl-N-4- 

phenoxybenzylamine and the furan groups converted to carboxylic acids by 
the procedures described in Example 115B. The crude product was purified by 
silica gel chromatography eluting with 94:5:1 CHCI 3 -MeOH-HOAc to give the 
title compound (10 mg, 7%). 1 H NMR (DMSO-d 6 , 500 MHz) 6 0.67-0.80 (m, 
10 6H), 1.24-1.45 (m, 4H), 2.90-2.93 (m, 2H), 3.1 1-3.14 (m, 2H), 3.50-3.59 (m, 2H), 
3.74-3.83 (m, 2H), 4.20-4.26 (m, 2H), 4.58-4.63 (m, 2H), 6.84-7.38 (m, 1 8H). 
MS (FAB+) m/e 679, (FAB") m/e 677. 

Example 117 

15 f1a.2a.3a.4BM.2-DirN-proDvl-N-r4- 

phenoxvbenzvnaminocarbonvncvclobutane -3.4-dicarhovylifi arid 
The compound resulting from Example 116 was converted to the mono- 
ester by the procedure described in Example 95. Equilibration of the mono- 
ester was carried out by the procedures described in Example 96A substituting 
20 LDA for n-BuLi at -78 °C to afford 8 mg (1 0%) of the title compound. 1 H NMR 
(DMSO-d 6 , 500 MHz) 8 0.67-0.80 (m, 6H), 1.24-1.45 (m, 4H),2.90-2.93 (m, 2H), 
3.11-3.14 (m, 2H), 3.50-3.59 (m, 2H), 3.83-3.94 (m, 2H), 4.20-4.26 (m, 2H), 
4.58-4.63 (m, 2H), 6.84-7.38 (m, 18H). MS (FAB+) m/e 679, (FAB*) m/e 677. 

25 Example 118 

( 1 a.2B.3B.4al-1 .2-DirN-DroDvl-N-M. 

benzovlbenzvnaminocarbonvncyclo butane-3.4-carboxvlic acid 

Example 118A 

30 N-PrOPvl-N-(4-benzovlben7vl)aminft 

A solution of oc-bromo-p-benzoyl toluene (2.75 g, 0.01 mol) in benzene 
(100 mL) was added dropwise over 30-40 minutes to a stirred solution of n- 
propylamine (10 mL, 0.12 mol) in benzene (50 mL) under a nitrogen 
atmosphere. After stirring for 4-5 hours at ambient temperature, most of the 



WO 96/34850 



-167- 



PCT/DS96/06156 



solvent was removed under reduced pressure. The residue obtained was 
triturated-with ice-water and ether, and basified with dilute aqueous sodium 
hydroxide. The ether layer was separated, and the aqueous layer was 
extracted with additional ether. The combined ether extracts were washed with 

5 saturated sodium chloride, dried over sodium sulfate, filtered and concentrated 
in vacuo to give 2.5 g of a yellow liquid. The liquid was taken up in ether, 
filtered from undissolved impurities, and acidified with HCI in isopropanol. The 
solid obtained was filtered and recrystallized from methanol-ethyl acetate to 
give 1 .9 g (58%) of the title compound as colorless crystalline flakes, m.p. 

10 193.5-194.5 °C. 1 H NMR (CDCI 3 , 300 MHz) 8 0.98 (t, 3H), 1.9 (q, 2H), 2.8 (s, 
2H), 4.15 (s, 2H), 7.4-7.8 (m, 9H), 10.09 (s, 2H). MS (DCI/NH3) m/e 254 
(M+H) + . 

Example 118B 

15 M tt.2p.3p.4ort-1 .2^DirN- P ropyl-N-(4> 

b9n?oylbepzyl)aminocqrbony|]cyc|obutan9-3,4-c^rbox y|ic acid 
A suspension of the compound resulting from Example 118A (1.45 g, 5 
mmol) in acetonitrile (20 mL) containing triethylamine (0.7 mL) was added all at 
once to a stirred suspension of 1,2,3,4-cyclobutane-tetracarboxylic dianhydride 

20 in acetonitrile (20 mL) at 0 °C under nitrogen. The mixture was stirred, and the 
temperature was slowly allowed to rise to ambient temperature. Stirring was 
continued for 60 hours, and then the clear reaction mixture was poured onto 
ice-water containing HCI and extracted with ether. The combined ether 
extracts were washed with ice-water and saturated aqueous sodium chloride 

25 solution, dried over sodium sulfate, filtered and concentrated under reduced 
pressure to give 1.2 g of a mixture of 1,2- and 1,3-isomers as a solid foam. The 
foam was purified by chromatography on silica gel eluting with 97:2.5:0.5 
chloroform-methanol-acetic acid to give 0.22 g (13%) of the title compound, 
m.p. 100-107 °C. 1 H NMR (DMSO-d 6 , 500 MHz) 8 0.8 (m, 6H), 1.5 (m, 4H), 

30 2.85 (m, 1 H), 2.35 (s, 4H), 2.7 (m, 2H), 3.1 (m, 1 H), 3.8 (d, 1 H), 4.0 (d, 1 H), 4.4 
(m, 2H), 4.9 (m, 2H), 7.3-7.7 (m, 18H). MS (DCI/NH3) m/e 703 (M+H) + . 
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Example 119 
( 1 a.2B.3B.4fYM .2-Dif N.pmp yl-N-^3.4- 

methvlenedioxvphenoxv^benzvhaminocarbonyl| n vclobutane-a.4-carbnYY|in 

acid 

Example 119A 
4-r3.4-Methvleneriir>Yy P henoxv^hen7alriAl 1 y Ho 
A solution of 3,4-methylenedioxy phenol (7.0 g, 50.7 mmol) in 
anhydrous DMSO was added dropwise over 30 minutes to a stirred 
suspension of 60% oil dispersion NaH (2.02 g, 50 mmol) in anhydrous DMSO 
(40 mL) under nitrogen. Following the addition, a solution of p- 
fluorobenzaldehyde (6.2 g, 0.05 mol) in DMSO (10 mL) was added, and the 
temperature was slowly raised to 150 °C. The temperature was maintained 
between 130-160 °C for 1 hour and then allowed to cool to ambient 
temperature. After 12 hours at ambient temperature, the reaction mixture was 
poured onto crushed ice-water and made barely acidic with concentrated HCI 
and extracted with ether. The combined ether extracts were washed 
successively with cold dilute aqueous sodium hydroxide solution, cold dilute 
HCI solution, cold water and saturated aqueous sodium chloride solution, dried 
over sodium sulfate, filtered and evaporated to give a red liquid which 
solidified. The solid was triturated with boiling n-pentane, filtered and washed 
with boiling pentane to give 8.2 g (67%) of the title compound, m.p. 67-70 °C 
H NMR (CDCI3, 300 MHz) 8 6.0 (s, 2H), 6.6 (m, 2H), 6.8 (d, 1H), 7.04 (m, 2H), 
7.84 (m, 2H), 9.92 (s, 1 H). MS (DCI/NH3) m/e 243 (M+H) + . 

Example 119R 

N-PrOPVl-N-r4-f3 4-mflthvlenedioxyph a noxv^ben7yl] am ine hvdmn^n^ 
A mixture of the compound resulting from Example 1 19A (6.0 g, 24 
mmol) and 0.6 g of 10% Pd/C and n-propylamine (9.3 mL) in ethanol (200 mL) 
was shaken, first for 24 hours at ambient temperature, and then for 48 hours 
with hydrogen at atmospheric pressure. The reaction mixture was filtered and 
the filtrate evaporated. The resulting residue was taken up in ether, converted 
to the hydrochloride salt, which was then decolorized with norite and 
recrystallized from methanol-ethyl acetate to give 6.2 g (88%) of the title 
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compound as a colorless crystalline solid, m.p. 185-186 °C. 'H NMR (CDCI3, 
300 MHz) 5 0.95 (t, 3H), 1.86 (q, 2H), 2.75 (t, 2H), 3.98 (s, 2H), 5.98 (s, 2H), 
6.45 (q, 1H), 6.52 (d, 1H), 6.75 (d, 1H), 6.95 (m, 1H), 7.26 (s, 1H), 7.5 (d, 2H), 
9.85 (s, 2H). MS (DCI/NH3) m/e 286 (M+H) + . 

5 

Example 1190 

g tt.2B.3B.4nrt-1 .2-DirN-propvl.N-r4-f3.4- 
methvlenedioxvDhenoxv>benzvhaminocarbonvl1cvclobutane-3 .4-carboxylic 

acid 

10 To a suspension of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.98 

g, 5 mmol) in acetonitrile (10 mL) was added 1.6 mL (1 1 mmol) of triethylamine 
at 0-5 °C. After several minutes, a suspension of the compound resulting from 
Example 119B (3.23 g, 10 mmol) in acetonitrile (30 mL) and triethylamine (1.6 
mL, 1 1 mmol) was added to the above stirred mixture. The reaction mixture 

15 was stirred for 24 hours at ambient temperature and then poured into cold 
dilute HCI. The acidic solution was extracted with ether, and the combined 
ether extracts were washed with saturated sodium chloride solution, dried over 
sodium sulfate and evaporated. The residue obtained was taken up in 
methylene chloride, filtered and evaporated to give 2.6 g of a mixture of the 1 ,2- 

20 and 1 ,3-isomers as a soild foam. The foam was chromatographed on silica gel 
eluting with 97:2.5:0.5 chloroform-methanol-acetic acid to give 0.8 g (21%) of 
the title compound, m.p. 95-1 10 °C. 1 H NMR (DMSO-d 6 , 500 MHz) 8 0.8 (m, 
6H), 1.5 (m, 4H), 2.5 (s, 1H), 2.8 (m, 1H), 3.3 (s, 8H), 3.6 (m, 1H), 3.9 (m71H), 
4.3 (m, 1H), 4.7 (m, 1H), 5.6 (s, 4H), 6.5-7.2 (m, 14H). MS (DCI/NH3) m/e 267 

25 (M+H) + . 
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Example 120 
( 1 ot.2B.3R.4nd-1 9-r>if M-methvl-M-M- 

phenoxyl?en2v[)aminnoarbonvlaminn] cvclobutane.a 4-dicarhnYyiir ^ jw 
A mixture of 1.2-di[methoxycaroonyI]cyclobutane-3,4-dicarboxylic acid 
(400 mg, 1.54 mmol), prepared by the procedure described in Angew. Chem. 
International Ed. vol 8: 208 (1969), diphenylphosphoryl azide (DPPA) (936 mg, 
3.4 mmol) and triethylamine (344 mg, 3.4 mmol) in 20 mL of toluene was 
heated at 80 °C for 3 hours. The mixture was allowed to cool to ambient 
temperature, and then the compound resulting from Example 1 (700 mg, 3.4 
mmol) was added. After stirring at ambient temperature for 16 hours, the 
mixture was taken up in ethyl acetate and washed with dilute hydrochloric acid, 
water, saturated sodium bicarbonate solution and saturated sodium chloride 
solution, dried and filtered. The filtrate was evaporated under reduced 
pressure to an oily residue which was chromatographed on silica gel eluting 
with 4:1 ethyl acetate-hexane to give 100 mg (19.2%) of the diester. 

To the diester (40 mg, 0.058 mmol) dissolved in 30 mL of methanol was 
added KOH (33 mg, 0.58 mmol) in 1 mL of water. The clear solution was 
stirred at ambient temperature for 3 hours and left standing overnight. The 
methanol was removed under reduced pressure, and the aqueous solution 
was acidified with sodium hydrogen sulfate. The precipitate formed was 
filtered, washed with water and dried to give 27 mg of the title compound, m p 
192-195 °C (dec). 1 H NMR 8 (DMSO-d 6 , 300 MHz) 8 2.72 (s, 6H), 4.30-4.50 
(dd, 4H), 6.90-7.40 (m, 18H). 



Example 121 

(1 ct,2p,3ft,4ot)-1 ,2-PirN.N-dibenzvlaminnnarbonvl^ynlnh . . t ane-a.A-dinarhny ytin 

acid 

To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (2.7 g, 13.8 
mmol) in THF (30 mL) was added N,N-dibenzylamine (5.72 g, 28.9 mmol)'in 
THF (10 mL). The slurry was stirred for 5 minutes at 20 °C, whereupon, a 
homogeneous solution resulted. The resulting solution was stirred for 20 hours 
at 20 °C, then concentrated in vacuo to a white foam. The foam was dissolved 
in 100 mL of ethyl acetate and washed successively with 50 mL 1M H3PO4 and 
10% NaCI, then dried over anhydrous sodium sulfate, filtered and concentrated 
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in vacuo to afford 4.4 g of a white foamy solid. The crude product (2.1 g) 
containing both isomers was purified by silica gel chromatography eluting with 
94:5:1 CHCl3-MeOH-HOAc. The slower moving product was isolated in 22% 
yield and characterized as the title compound. 1 H NMR 5 (CDCfe, 500 MHz) 8 
5 3.98-4.00 (d, 2H), 4.22-4.31 (m, 6H), 4.46-4.49 (d, 2H), 4.73-4.76 (d, 2H), 7.1 1 - 
7.31 (m, 20H). MS (FAB) m/e 591 (M+H) + . 

Example 122 

f 1 tt.2p.3p.4aV1 .2-Dif N-benzvl-N-(4-chlofobenzvnaminoca rbonyncyclobutane- 
10 3.4-dicarboxylic acid 

Example 122A 
N-Benzyl-N-f4-chlorobenzyhamine Hydrochloride 
To 4-chlorobenzaldehyde (1.5 g, 10.7 mmol) dissolved in 40 ml_ CH2CI2 
15 was added benzylamine (1 .15g, 10.7 mmol) followed by 1 mL of 6 N HCI. The 
resulting cloudy solution was stirred overnight at room temperature and then 
concentrated in vacuo to give a white solid. The solid was immediately 
dissolved in 50 mL of MeOH and the pH of the solution was adjusted to 6 with 
glacial acetic acid. To this solution was added NaCNBH3 (0.67 g, 10.7 mol), 
20 and the resulting clear solution was stirred three hours at room temperature. 
The mixture was acidified to pH 2 with 6 M HCI whereupon a thick white slurry 
developed. The solid was stirred for 30 minutes and filtered, yielding the title 
compound as a white solid. 1 H NMR 5 (DMSO-d 6 , 300 MHz) 5 4. 1-4.2 -(broad 
multiplet, 4H), 7.4-7.6 (m, 9H). MS (DCI/NH3) m/e 232 (M+H) + . 

25 

Example 122B 

( 1 g.2p.3p.4nrt-1 .2-DirN-benzvl-NI-r4-chlorobenzvnaminocarfaonvncvclobutane- 

3,4-diQerboxylic a cjd 
To a slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (0.5 g, 2.5 
30 mmol) in DMF (6 mL) was added the compound resulting from Example 122A 
(1.36 g, 5.1 mmol) in DMF (3 mL) containing Et3N (0.71 mL, 5.1 mmol). The 
slurry was stirred for 5 minutes at 20 °C, whereupon, a homogeneous solution 
resulted. The resulting solution was stirred 20 hours at 20 °C. The solution 
was diluted with 100 mL of ethyl acetate and washed successively with 50 mL 
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1 N H3PO4 and 10% NaCI, then dried over anhydrous sodium sulfate, filtered 
and concentrated in vacuo to afford 1 .1 g of a white foamy solid. The crude 
product containing both isomers was purified by silica gel chromatography 
eluting with 94:5:1 CHCI 3 -MeOH-HOAc. The slower moving product was 
isolated in 21% yield and characterized as the title compound. 1 H NMR 6 
(DMSO-de, 300 MHz) 8 3.68-3.71 (m, 2H), 3.92-4.06 (m, 4H), 4.13-4.21 (m, 
2H), 4.65-4.72 (m, 2H), 4.82-4.92 (m, 2H), 7.14-7.42 (m, 18H) , 12.55 (bs, 2H). 
MS (FAB) m/e 659 (M+H) + . 

Example 12q 
Alternate Preparation of 
f1a.2B.3B.4^-1 P-nif N-Dropvl-N-U. 
phenoxvbenzvnaminocarbonyl|n vclobutane-3.4-dicarboxy lin arH 

Example 123A 

(1 ff.2B.3ft.4ocH .2-Difbenzvloxvcarbn nvncvclohutane-3.4-diRarhoxvlic arid 
T o a solution of 1,2,3,4-cyclobutanetetracarboxylic anhydride (21 g, 
107.1 mmol) in acetonitrile (530 mL) at -7.5 °C was added benzyl alcohol (70 
mL, 680 mmol) all at once. Triethylamine (30 mL, 210 mmol) was added 
dropwise over 3-5 minutes and the temperature rose to 2.8 °C. 
Dimethylaminopyridine (1.3 g, 10.6 mmol) was added and the temperature 
returned to -5 °C. The reaction mixture was stirred for 18 hours at which time 
the internal temperature was 9.2 °C and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate (1 L) and washed with 2 M HCI (2 x 375 
mL). The product was then extracted into saturated NaHC03 solution (2 x 375 
mL). The aqueous solution was allowed to stand at ambient temperature and 
then was cooled in a refrigerator overnight. The solid was collected and 
washed with cold saturated NaHC0 3 solution (200 mL) and then was 
dissolved in water (500 mL), acidified with 2 M HCI (375 mL) and extracted into 
ethyl acetate (2 x 375 mL). The combined organic extracts were washed with 
brine, dried over sodium sulfate and concentrated in vacuo to afford the title 
compound (25.65 g, 58%) as a white solid, m.p. 164.5-165.5 °C. 
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Example 123B 
na.2p.3p.4^-1 .2-DifN-propyl-N-f4- 
Dhenoxvben2vhaminocarbonvl1cyclobutane-3.4-dicarboxvlate dibenzvl ester 
To the compound resulting from Example 123A (66 mg, 0.15 mmol) 
5 slurried in methylene chloride (0.5 mL) was added oxalyl chloride (28 fiL, 0.32 
mmol) followed by 1 drop DMF. To this solution was added N-propyl-N-(4- 
phenoxybenzyl)amine (81 mg, 0.34 mmol) and Hunig's base (115 uL, 0.66 
mmol) in methylene chloride (0.2 mL). The reaction mixture was stirred at 
ambient temperature for 1 hour and then diluted with ethyl acetate. The 
10 solution was washed 3 times with 1 M H3PO4, 3 times with saturated NaHC03 
solution and brine, dried over sodium sulfate and concentrated under reduced 
pressure. The residue obtained was dissolved in methylene chloride and 
applied to the top of a silica gel plug which was eluted with 7:3 hexane-ethyl 
acetate to give the title compound (114 mg, 88%) as an oil. 

15 

Example 123C 
g tt.2p.3ft.4ttM .2-DifN-DroDvl-N-f4- 
Dhenoxvben2vhaminocarbonvncyclobutane-3.4-dicarboxvlic acid 
The compound resulting from Example 123B (100 mg, 0.12 mmol) was 
20 dissolved In 1.5 mL 1:1 methanol-ethyl acetate, treated with 9 mg of 10% Pd/C 
and then hydrogenolyzed under a H2 balloon for 1 .5 hours. The catalyst was 
removed by filtration through Celite and the filtrate concentrated in vacuo to 
afford the title compound. 1 H NMR (DMSO-d 6 , 300 MHz) 8 0.80 (m, 6H), 1 .46 
(m, 4H), 2.70-3.00 (m, 4H), 3.60 (m, 2H), 3.92 (m, 2H), 4.27 (m, 2H), 4.70 (dd, 
25 2H), 6.87-7.43 (m, 18H). MS (FAB) m/e 679 (M+H) + , 701 (M+Na) + . 
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Example 124 

f1ff,2B,3P.4ff)-1.2-Pirf4-Phenoxvbenzvncarb onvlamino1nydobutane-a4. 

dicarboxylic a,pjd 

5 Example 124A 

Methyl 1 .2-diaminocvclobutane-3 4 -dicarboxylate 
A mixture of 1,2-di[methoxycarbonyl]cyclobutane-3,4-dicarboxylic acid 
(500 mg, 1.92 mmol), prepared by the procedure described in Angew. Chem. 
International Ed. vol 8: 208 (1 969), in 20 mL of toluene was treated with 407 
10 mg (4.03 mmol) of triethylamine and 1 .1 1 g (4.03 mmol) of diphenylphosphoryl 
azide. The mixture was warmed to 80 °C under a nitrogen atmosphere for 3 
hours. Volatiles were removed under reduced pressure to afford a viscous oil. 
The oil was dissolved in 20 mL of 2-methyl-2-propanol and stirred for 18 hours. 
Volatiles were removed under reduced pressure to afford an oil. Purification by 
15 flash column chromatography on silica gel eluting with 2:1 hexane-ethyl 

acetate afforded methyl 1,2-di(Boc-amino)cyclobutane-3,4-dicarboxylate as a 
white powder (123 mg, 16%. 1H NMR (CDCI 3 ) 8 1.43 (s, 18H), 3.45-3.52 (m, 
1 H), 3.75 (s, 6H), 4.52-4.63 (m, 1 H), 5.55-5.65 (m, 1 H). 

A solution of 70 mg (0.17 mmol) of protected diamine prepared above in 
20 3 mL of trifluoroacetic acid was stirred for 3 hours. A 50 mL portion of ethyl 
ether was added, causing the product to precipitate as a white solid. The solid 
was collected by filtration and dried, affording 56 mg of the title compound 
which was used without further purification. 

25 Example 124R 

Methyl (1a.2R.3P.4(YVl.2-Dirf4-phenoxvbenzyl^^r bonvlaminft1ny Hnh 1l ^ n o- 

3.4-dicarboxylato 

A mixture of the compound resulting from Example 124A (56 mg, 0.13 
mmol), 4-phenoxyphenylacetic acid (61 mg, 0.27 mmol), 1-(3- 
30 dimethylaminopropyl)-3-ethylcarbodiimide • HCI (54 mg, 0.28 mmol), 1- 

hydroxybenzotriazole hydrate (38 mg, 0.28 mmol), and 59 mg (0.59 mmol) of 
triethylamine in 5 mL of dry tetrahydrofuran was stirred under an atmosphere of 
nitrogen for 3 days. A 50 mL portion of water was added, and the mixture was 
extracted with three 50 mL portions of ethyl acetate. The combined extracts 
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were dried (MgSCXO, and all volatiles were removed under reduced pressure 
to afford an oil. Purification of the oil by flash column chromatography on silica 
gel eluting with 2:1 hexane-ethyl acetate afforded 60 mg (75%) of the title 
compound as a clear colorless oil that solidified on standing. MS (FAB) m/e 
5 623 (M+H) + . 

Example 124Q 
dicarboxylic acid 

10 A mixture of 60 mg (0.097 mmol) of the compound resulting from 

Example 124B in 3 mL of methanol was treated with 0.5 mL of a 50% aqueous 
solution of sodium hydroxide. After 3 hours the mixture was treated with 
concentrated HCI until the mixture was acidic. All volatiles were removed 
under reduced pressure to afford a solid. The solid was washed with water 

15 and dried, affording 25 mg (42%) of the title compound as a white powder. MS 
(FAB) m/e 595 (M+H) + . 

Example 125 
(1 g,2p,3B,4gV1 ,2-Piff N-propyl-N-(4- 
20 phenoxybenzvhcarbonvlamino1cvclobutane-3.4-dicarboxylic acid 

The compound resulting from Example 124A is reacted with propionyl 
chloride in the presence of triethylamine to give methyl 1,2- 
di(propionylamino)cyclobutane-3 f 4-dicarboxylate. Reduction of the diamide 
with borane-tetrahydrofuran complex at 0° C affords methyl 1 ,2-di(n- 
25 propylamino)cyclobutane-3,4-dicarboxylate. Treatment of this secondary 

amine with the acid chloride of 4-phenoxyphenylacetic acid in the presence of 
triethylamine yields methyll ,2-di[(N-propyl-N-(4- 

phenoxyben2yl)carbonylamino]cyclobutane-3,4-dicarboxylate. Hydrolysis of 
the methyl esters with aqueous sodium hydroxide affords the title compound. 



30 
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Example 126 

(1a.2B.3B.4aVl.2-Di-rN-DroDvl-N-r4.phenoyy benzvhaminncarbonvn-3.4. 
bisftetrazolvlmethvhcyclobutanfi 

5 Example 126A 

f1ff.2B.3B.4a)-1.2-Di-fbenzvloxvcarbonvh-3.4.bisrh vdrQxvmethyl)cvclQbutanft 

To the compound resulting from Example 123A (2.06 g, 5 mmol) 
dissolved in THF (3 mL) at -10 °C was added BH 3 (1.0 M in THF, 1 1 mL, 1 1 
mmol) at such a rate so as to maintain the internal temperature below 0 °C. 

10 The mixture was then stirred for 5 hours during which time the bath melted. 
The colorless solution was quenched by the careful addition of 1:1 acetic acid- 
water (0.3 mL) and poured into 50 mL of saturated NaHC0 3 and extracted with 
2 x 75 mL portions of ethyl acetate. The combined organic phases were 
extracted with water (50 mL) and brine (50 mL), dried over MgS0 4 , filtered and 

15 concentrated. The residue was purified by column chromatography on Si0 2 
(120 g) using ethyl acetate as the eluent to give 1.42 g (74%) as a white solid. 
1 H NMR (300 MHz, CDCI3) 5 7.24-7.48 (m, 12H), 5.16 (m, 4H), 3.72 (m, 4H), 
3.61 (m, 2H), 2.67 (m, 2H), 2.19 (t, 2H). MS (DCI) m/e 402 (4%); 294 (6%); 203 
(52%); 186 (100%); 143 (22%); 126 (50%). 

20 

Example 126B 
Ma.2B.3p.4nt M .2-Di-f ben7vloxvcarbnnyl)-3 , 4. 
bisfmethanesulfonylo xvmethvncyclobutane 
To a solution of the compound resulting from Example 126A (577 mg, 
25 1 .5 mmol) in 1 0 mL of CH 2 CI 2 at -1 0 °C was added triethylamine (0.63 mL. 4.5 
mmol), followed by the dropwise addition of methanesulfonyl chloride (0.29 
mL, 3.75 mmol). The solution was warmed to 0 °C and stirred for 1.5 hours. 
The mixture was diluted with 40 mL of CH 2 CI 2 and washed with 25 mL each 
water and dilute aqueous HCI. The organic fraction was dried over MgSC>4, 
30 filtered and concentrated to give 767 mg (95%) of the desired compound as an 
off white solid. This material was used without further purification. 1 H NMR 
(300 MHz, CDCI3) 8 7.38 (s, 12H), 5.15 (AB quartet, 4H), 4.32 (m, 4H), 3.77 (d, 
2H), 2.95 (m, 2H), 2.88 (s, 6H). MS (DCI) m/e 558 (28%); 372 (35%); 204 
(40%); 186 (100%). 
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Example 126C 

(1a.2p.3p.4aV1.2-Di-fbenz vloxvcarbonvn-3.4-bisfcvanomethvncvclobutane 
A mixture of the compound resulting from Example 126B (270 mg, 0.5 
mmol) and KCN (195 mg, 3 mmol) in 5 mL of DMSO was heated with stirring at 
65 °C for 3 hours. The mixture was cooled to room temperature and partitioned 
between 50 mL of water and 2 x 50 mL of ethyl acetate. The combined organic 
fractions were washed with 2 x 25 mL of water and 25 mL of brine, dried over 
MgS04, filtered and concentrated. The residue was purified by column 
chromatography on Si02 (20 g) eluting with 1:1 ethyl acetate-hexanes to give 
182 mg (76%) of the title compound as a thick oil. 1 H NMR (300 MHz, CDCI3) 6 
7.26-7.42 (m, 12H), 5.17 (s, 4H), 3.18 (m, 2H), 2.57-2.78 (m, 6H). MS (DCI) m/e 
420 (100%); 393 (10%); 344 (8%); 286 (22%); 221 (25%); 219 (100%); 125 
(23%). 

E xa mp le 126P 

Mfx.2p.3p.4^-1.2-DifN- proDvl-N-f4-Dhenoxvben2vhaminocarbonvn-3.4- 

bisfcyanomethvncvclobutane 
A solution of the compound resulting from Example 126C (175 mg, 0.43 
mmol) in 3 mL of 10% CH2Cl2-ethyl acetate was treated with 100 mg of 10% 
Pd/C and stirred under a balloon of H2 for 3 hours. The black mixture was 
filtered through celite, the celite pad was washed well with methanol and the 
resulting filtrate was concentrated. The residue was suspended in CH2CI2 (4 
mL) and treated with oxalyl chloride (0.092 mL, 1.05 mmol) and 1 drop of DMF. 
The mixture was stirred for 1 hour and then treated with 2 mL of acetonitrile (to 
try to dissolve the unreacted acid). After stirring for 1 hour more, the mixture 
was concentrated. The residue was concentrated twice with 2 mL of toluene 
(to remove HCI and unreacted oxalyl chloride) and then dissolved in 2 mL of 
CH2CI2. In a separate flask was added the amine from Example 3 (302 mg, 
1.26 mmol), CH2CI2 (5 mL) and saturated aqueous NaHC03 (5 mL). This 
mixture was cooled to 0 °C and then treated with the acid chloride solution 
dropwise. The mixture was stirred for 1 hour and then poured into a separatory 
funnel. The layers were separated and the organic phase was washed with 
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dilute aqueous HCI, dried over MgSCU, filtered and concentrated. The residue 
was purified by column chromatography on Si02 (30 g) eluting with 1:1 ethyl 
acetate-hexanes to give 149 mg (53%) of the title compound as a colorless oil. 
1H NMR (300 MHz, CDCI 3 ) 8 6.87-7.40 (m, 18H), 4.18-4.75 (m, 4H), 2.1 1-3.63 
5 (m, 1 0H), 2.38 (m, 2H), 1 .42-1 .62 (m, 4H), 0.78-0.97 (m, 6H). MS (DCI) m/e 
686 (8%); 669 (4%); 240 (100%). 

Example 126E 

(1a.2B.3B.4a)-1.2-Di-rN-proDvl-N-f4-pherioxv ben2vhaminocarbonvl1-3.4- 

10 bisrtetrazolvlmethvncvclobutane 

To a solution of the above dinitrile (136 mg, 0.20 mmol) in 2 m!_ of DMF 
was added NaN3 (198 mg, 3.04 mmol) and triethylamine hydrochloride (418 
mg, 304 mmol). The mixture was then heated to 100-1 10 °C for 20 hours and 
cooled to room temperature. The yellow mixture was partitioned between 

15 dilute aqueous HCI (25 mL) and ethyl acetate (3 x 20 mL). The coitibined 
organic fractions were washed with water (3x10 mL) and brine (10 mL), dried 
over MgSC-4, filtered and concentrated. The resulting off white solid was 
recrystallized from ethyl acetate to give 1 1 1 mg (in two crops) of the title 
compound as a white solid. 1H NMR (300 MHz, CDCI3) 8 6.83-7.34 (m, 18H), 

20 4.30-4.77 (m, 4H), 2.79-3.76 (m, 12H), 1 .34-1 .63 (m, 4H), 0.75-0.90 (m, 6H). 
MS (FAB+) m/e 755 (75%); 240 (18%); 183 (100%). Anal calcd for 
C42H46N10O4: C, 66.83; H, 6.14; N. 18.55. Found: C, 66.54; H, 6.05; N, 
18.94. 

25 Example 127 

(10(,2B.3P.4aV1.2-Di-fN-propvl-N-f4-phenoxvben zvnaminocarbonvlm6thyl]- 
cvclobutane-3.4-dicarboxvlic acid 

Example 127A 

30 M tt.2fi.3p.4 gV1 ^-Di-fbenzvloxvcarbonvn-cyclobutane-S^-diacetic acid 
To (1 a,2B,3B,4a)-1 ,2-Di-[benzyloxycarbonyl]-3,4- 
bis(diazoacetyl)cyclobutane (50 mg, 0.109 mmol), the compound resulting from 
Example 128A, in THF (2 mL) and water (1 mL) was added silver benzoate in 
triethylamine (35 *iL of a 50 mg/1 mL solution). After stirring at room 
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temperature for 2 hours, the reaction mixture was poured into a saturated 
sodium bicarbonate solution. The mixture was washed two time with ethyl 
acetate, acidified with 2 M HCI, and extracted into ethyl acetate. The combined 
organic extracts were washed with brine, dried over sodium sulfate and 
5 concentrated in vacuo to afford 28 mg (58%) of the title compound as an off 
white powder. 

Example 127B 

Ma.2B.3p.4ttV1.2-Di-fN-propvl-N-r4-Dhenoxvbenzvl^aminocarbonvlmethyl1- 
10 cyclobutane- 3.4-dicarboxylic acid dibenzyl ester 

To the compound resulting from Example 127A (45 mg, 0/02 mmol) in 
methylene chloride (1 mL) was added oxalyl chloride (19 uL, 0.23 mmol) and 
DMF (0.5 u.L). After stirring at room temperature approximately 3 hours, the 
reaction mixture was cooled to 0 °C and treated with N-propyl-N-(4- 
15 phenoxybenzyl)amine hydrochloride (51 mg, 0.229 mmol) and 1 mL of 

saturated sodium bicarbonate solution. The cooling bath was removed, and 
the reaction mixture was stirred 14 hours at room temperature and diluted with 
methylene chloride. The solution was washed with saturated sodium 
bicarbonate solution, dried over sodium sulfate and concentrated in vacuo to 
20 afford 85 mg of crude material. Purification by chromatography on silica gel 
editing with 30% ethyl acetate in hexane afforded 72.5 mg (80%) of the title 
compound as a colorless oil. 

Example 127C 

25 (1a.2p.3p.4a^1.2-Di-rN-Dr opvl-N-i4-phenoxvbenzvhaminocarbonvlmethvn- 

cyclobutane-3.4-dicarboxvlic acid 
The compound resulting from Example 127B (69.4 mg, 0.078 mmol) and 
10% palladium on carbon (70 mg) in 1:1 methanol-ethyl acetate (2 mL) were 
stirred under hydrogen for 2 hours. The catalyst was removed by filtration and 
30 the filtrate concentrated in vacuo to afford the title compound (51 .6 mg, 93%) as 
a slightly gray powder. 1 H NMR (CDCI3, 300 MHz) 8 6.87-7.40 (m, 18H), 4.39- 
4.68 (m, 3H), 3.89 (m, 2H), 3.07-3.52 (m, 3H), 2.20-2.90 (m, 5H), 1.55 (m, 6H), 
1.27 (m, 1H), 0.88 (m, 6H). 
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Exampla 12fi 
d a.2B.3p 4ryV| ,9.nj{ N-benzvl.N-f/4- 

phenoxv)b9n?vnamin ocarbon vl) c v cl obutan e .3.4.rii^ fo t.v ^ 

Example 13PA 

<1fegp.3ft . 4fflH . P-Pi{h^^ 

The compound resulting from Example 123A was converted to the 
bis(acid chloride) by the method described in the first sentence of Example 
123B. A solution of the bisfacid chloride) (25.6 g, 62.0 mmol) in CH 2 CI 2 (250 
mL) at 0 «C was treated with -850 mL of an ether solution of diazomethane, 
prepared by adding 1-methyl-3-nitro-1-nitrosoguanidine (63.0 g, 428 mmol) to 
ether (1 L) over 40% aqueous KOH (220 mL), previously cooled to 5 °C. The 
resultant slurry was periodically shaken while maintaining the temperature at 5 
°C for 30 minutes, then nitrogen was vigorously bubbled through the slurry for 
40 minutes. The solids were filtered and recrystallized from EtOAc/hexane, to 
give the title compound as a light yellow solid (1 3.0 g). The mother liquor from 
this recrystallization was combined with the initial filtrate, concentrated under 
reduced pressure, and the residue was purified by chromatography eluting 
with 6:4 hexane-EtOAc to give an additional 4.2 g, for a total of 17. 2 g (60%) 
1H NMR (CDCI 3 ) 8 7.35 (m, 10H), 5.18 (s, 2H), 5.12 (dd, 4H), 3.86 (d, 2H), 3 70 
(br d, 2H). MS (FAB+) m/e 461 (M+H)+ 

Example 198R 
Alternative* preparation nf 
f1ff,gB,3p,4 g )-i l 2-Pifbftn 7Vloxvcarbon vl V3 4-bi s rdi a 7n a ^tyh CVC | Qb ut a np 
The bis(acid chloride) described in Example 128A in CH3CN (0.4 M) 
was added to a 0 °C 1:2 mixture of trimethylsilyldiazomethane (2 M in hexane) 
in CH3CN, (4.4 moles TMSCHN 2 per mole bis(acid chloride)). The reaction 
was stirred at 0-17 °C over 4 hours then concentrated. The residue was 
partitioned between saturated aqueous NaHC0 3 and EtOAc, and the EtOAc 
layer was washed with brine and dried over Na 2 S0 4 , and concentrated in 
vacuo. The crude solids were recrystallized by dissolving in hot EtOAc (80-100 
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mg/mL), then adding five volumes of hexane to the hot solution and allowing 
the mixture to cool at room temperature overnight. 

Example 128C 

5 Ma.2B.3B.4a^1.2-Difbenzvloxvcarbonyncvclobutane- 3.4-diacetic acid 

dimethyl ester 

Using the compound resulting from Example 128A or B, the title 
compound was prepared by the method of Example 103A. 1 H NMR (CDCI3) 8 
7.35 (m, 10H), 5.10 (dd, 4H), 3.70 (br d, 2H), 3.55 (s, 6H), 2.92 (m, 2H), 2.49 (m, 
10 4H). MS (DCI/NH3) m/e 469 (M+H)+, 486 (M+H+NH 3 )+. 

Example 128D 

Ma.2B.3B.4ttM. 2-Di(carooxvtevclobutane-3.4-diacetic acid dimethyl ester 
Using the compound resulting from Example 128C, the title compound 
15 was prepared by the method of Example 123C. 1 H NMR (CD3OD) 8 3.65 (s, 
6H), 3.51 (m, 2H), 2.82 (m, 2H), 2.57 (m, 4H). MS (FAB+) m/e 289 (M+H)+. 

Example 128E 
Mtt.2B.3B.4(rt-1.2- DifN-benzvl-N-ff4- 
20 phenoxvtoenzyl)aminocarbonvl}cyclob utane-3.4-diacetic acid dimethyl ester 
Using the compound resulting from Example 128D and the amine 
described in Example 12, the title compound was prepared by the method of 
Example 123B. 1H NMR (CDCI3) 8 7-40-6.90 (envelope, 28H), 5.14 (dd, 2H), 
4.65 (m, 2H), 4.32 (m, 2H), 4.13 (dd, 2H), 3.80 (m, 2H) 3.56-3.51 (4 s, total 6H), 
25 2.75-2.40 (envelope, 6H). MS (DCI/NH3) m/e 831 (M+H)+. 

Example 128F 
(1ff,2B,3B,4 ff )-1 < g-DifN-benzy|-N-ff4- 

Dhenoxvlbenzvl1aminocaroonyl)cyclobutane-3.4-d iacetic acid 
30 Using the compound resulting from Example 128E, the title compound 

was prepared by the method of Example 103B. 1 H NMR (DMSO-d 6 ) 8 7.42- 
7.10 (envelop, 20H), 6.95 (m, 6H), 6.90 (d, 2H), 4.80, 4.70 (d, dd, total 4H), 4.20 
(m, 2H), 4.05 (m, 4H), 2.67 (br m, 2H), 2.40 (br m, 4H). MS (FAB+) m/e 803 
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(M+H)+ and 801 (FAB - ) (M-H)-. Anal cald for C50H46N2O8 • 0.5 H 2 0: C, 73.97; 
H, 5.83; N, 3.45. Found: C, 73.66; H, 5.75; N, 3.20. 

Example 129 

5 (M 1 oc.2B.3B.4ori-1 .2-DirN-cycloDropvlmeth V l-N.(4. 

phenoxvben2vnaminocarbonvncvclobutanfi. a.4-dicarbQxylin aniri 

Example 129A 

(-H1 CC.2B.3B.4aV1 ^-Difbenzvloxvcarbohvpcy olobutane-a^-dicarboxvlin aniri 
10 To the compound resulting from Example 123A (1.0 g, 2.4 mmol) 

dissoved in absolute EtOH (45 mL) was added a solution of 
(-)-norephedrine (0.74 g, 4.9 mmol) in absolute EtOH (5 mL). The solution 
allowed to sit at room temperature overnight. The resultant crystals were 
collected and recrystallized twice from hot absolute EtOH (4.5 mg/mL), then 
15 partitioned between 1 M H3PO4 and Et 2 0. The Et 2 0 layer was washed with 
brine, dried over Na 2 S04, filtered and concentrated to give the title compound. 
[ct] D = +17.3° (c = 0.92, MeOH). 

Example 129B 

20 M-f 1 tt.2B.3fl4aM ^-DirN-c vclopropvlmethvl-N-M. 

phenoxvbenzvnamin ocarbonyncyclobutane-3.4-dicarboxvlic acid 
The compound resulting from Example 129A and the amine resulting 
from Example 47A were reacted by the methods of Examples 123B and 123C 
to give the title compound which was obtained by lyophilization. 1H NMR 

25 (DMSO-d 6 ), 8 0.01 -1 .25 (m, 4H), 0.27-0.52 (m, 4H), 0.80-0.96 (m, 2H), 2.68- 
2.92 (m, 2H), 3.20-3.55 (m, 2H), 3.56-3.68 (m, 2H), 3.89-4.98 (m, 1H), 4.00-4.10 
(m, 1H), 4.28-4.58 (m, 2H), 4.65-4.89 (m, 2H), 6.85-7.04 (m, 8H), 7.08-7.30 (m, 
6H), 7.33-7.43 (m, 4H). MS (FAB-) m/e 701 (M-H)-. Anal calcd for C 42 H 42 N 2 0 8 
• 0.5 H 2 0: C, 70.87; H, 6.09; N, 3.94. Found: C, 70.68; H, 5.91; N, 3.85. [a] D = 

30 -80.6° (c=0.625, MeOH). 
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Example 13Q 
( 1 a.2B.3B.4aM .2-DifN-DroDvl-M.M. 

Phenoxvben2vnaminothiocarbonvncvclobuta ne-3.4.dicarhny U lin ^ jH 

5 Example 130A 

0 a.2B.3B.4aM .2-DirNI-prom/I.NU4. 

phenoxYbenzvl)aminothiocarbonvncvclobutane-3.4- d icarboxylic aniri ^ ho^i 

ester 

A solution of the compound resulting from Example 123B (500 mg, 0.6 
10 mmol) in benzene (4 mL) was treated with Lawesson's reagent 

(235 mg, 0.6 mmol). The resulting suspension was refluxed for 96 hours. The 
solvent was evaporated, and the residue was dissolved in ethyl acetate (20 
mL), washed with 1 M Na 3 P04 (20 mL), and dried over MgS0 4 . The solvent 
was evaporated, and the residue was dissolved in methylene chloride, treated 
15 with silica gel, and concentrated to dryness. The silica gel was poured onto a 
prepacked column and eluted with 10% ethyl acetate/hexane to provide 205 
mg (39%) of the title compound as a colorless oil. ""H NMR (CDCI 3 , 300 MHz) 8 
0.65-0.9 (m, 6H), 1.4-1.6 (m, 1H), 1.65-1.75 (m, 1H), 3.39-3.52 (m, 2H), 3.53-3.8 
(m, 2H), 3.84-3.90 (m, 2H) 4.5 (dd, J=16.5, 4.5Hz, 1H), 4.78-4.99 (m, 2H), 5.0- 
20 5.3 (m, 9H), 6.85-7.14 (m, 10H), 7.15-7.4 (m, 18H). MS (DCI) m/e 891 (M+H)+. 

Example 130B 
(1 tt.2B.3B.4reM .2-DifN-pronvl-N-^4- 

Phenoxvbenzvl>aminothiocarbonvllcvclob utane-3.4-dicarboxvlic aniri 
25 The compound resulting from Example 129A (71 mg, 0.08 mmol) in 3:1 

THF/H2O (2 mL) at 0 °C was treated with 1 M LiOH (800 uL). The solution was 
stirred at 0 °C for 8 hours then at room temperature for 18 hours. The solution 
was acidified with 1 H HCI (1 mL) and concentrated to dryness. The residue 
was chromatographed eluting with 98:1:1 CHCl3-MeOH-HOAc to provide 10 
30 mg (1 8%) of the title compound as a colorless oil which was dissolved in 

CH3CN and H2O and lyophilized to provide a white solid, m.p. 92-93 °C. MS 
(DCI)m/e710(M+H)+. 
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Example 131 

f1ft,gp.3fi,4ff)-1 l 2-DirN-fS)-a-(cvcl0Dr0Pvlm6thvl^ben7 V l - N-r4-phenoy V hPn 7 yl). 
aminocarbonvncvclQhn tane-3.4-dinarboxvlic aciri 

Example 131 A 

f4$,5R)-3-fg-Phfinvl)acfttvl-4-methvl-5-nhenvl-1.3.ny a 7n»riin.9. rtna 
A mechanically stirred solution of phenylacetic acid at -78 °C is treated 
with one part pivaloyl chloride then one part triethylamine. The mixture is 
stirred at -78 °C for 15 minutes, at 0 *C for 45 minutes, then recooled to -78 °C. 
In a separate flask, one part 2.5 M nBuLi is added to a solution of (4S,5R)-(-)-4- 
methyl-5-phenyl-2- oxazolidinone in THF at -78 °C. The solution is stirred for 
15 minutes then transferred to the flask containing pivalic anhydride via 
cannula. The mixture is stirred for 15 minutes at -78 °C and 9 hours at room 
temperature. The mixture is quenched with 2 M KHSO4 and, after evaporation 
of the THF, is extracted 3 times with ethyl acetate. The combined ethyl acetate 
extracts are dried over MgS0 4 , filtered and concentrated to provide the crude 
title compound which is purified by column chromatography eluting with ethyl 
acetate-hexane. 

Example 131B 

f4S,5R,2'S)-3-f2-Pronenvl-2.phBnvnacetvl-d.m ft th yl-5-phenvl-1 3- 

oxazolidin-2-onft 

A solution of one equivalent of the compound resulting from Example 
131 A in THF at -78 °C is transferred via cannula to a solution of one equivalent 
1 M sodium bis(trimethylsilyl)amide in THF at -78 °C. The cold enolate solution 
is stirred for 15 minutes at -78 °C then treated via cannula with 2 parts allyl 
iodide in THF at -78 °C. The solution is stirred for 6 hours at -78 °C then 
warmed to 0 °C and quenched with saturated ammonium chloride. The THF is 
removed, and the water layer is extracted 2 times with ethyl acetate. The 
combined washings are dried over MgS0 4 , filtered and concentrated to 
provide the crude title compound which is purified by column chromatography 
eluting with ethyl acetate-hexane. 



WO 96/34850 



PCT/US96/06156 



-185- 



Example 131C 

(4S.5R.2 , S)-3-f2-rCvclODroDvlmethvn-2.pheny nac6tvl-4-meth v l-fi. 

phenvl-1 .3-oxazolidin-2-one 
One equivalent of the compound resulting from Example 131 B in 
5 CH 2 CI 2 at -23 °C is treated with 5 equivalents of 1 M diethyl zinc and 10 

equivalents of diiodomethane. The solution is stirred at -23 °C to 0 °C over 12 
hours, quenched with saturated NH4CI, and extracted with ether. The organic 
layer is washed with 10% NaHCC>3 and brine, dried over MgS04, filtered, 
concentrated and chromatogtaphed eluting with ethyl acetate-hexane to 
10 provide the title compound. 

Example 131D 
fS^-a-fCvclo propvlmethynphenvlacetic acid 
To a solution of one equivalent of the compound resulting from Example 
15 131C in 3:1 THF-H 2 0 at 0 °C is added 8 equivalents of 30% H 2 0 2 in H 2 0 
followed by 2 equivalents of 1 M LiOH. After stirring 2 hours at 0 °C, theTHF is 
removed, and the aqueous solution is extracted 3 times with CH 2 CI 2 . The 
aqueous solution is acidified to pH 1 with 1 H HCI and extracted three times 
with ethyl acetate. The combined organic extracts are dried over MgS04, 
20 filtered and concentrated to provide the title compound. 

Example 131E 

N-t-Butvloxvcarbonvl-(SVa-rcvclopropvlmethvhhen7ylami n fi 
A solution of one equivalent of the compound resulting from Example 
25 131D in toluene is treated with one equivalent of diphenylphosphoryl azide 
and warmed at 70 °C for 2 hours. The toluene is removed, and the residue is 
treated with 50 equivalents of 2-methyl-2-propanol and refluxed for 24 hours. 
The solvent is removed, and the residue is dissloved in ethyl acetate and 
washed with brine. The organic layer is dried over MgSO^ filtered, 
30 concentrated, and chromatographed eluting with ethyl acetate-hexane to 
provide the title compound. 
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Example 131F 
fS>-N-a-rCvclopropylm Qthvhbenzylamin «? 
One equivalent of the compound resulting from Example 131E in 
CH 2 CI 2 at 0 °C is treated with 10 equivalents of trifluoroacetic acid. The 
solution is stirred at room temperature for 18 hours, and all volatiles are 
removed in vacuo. The residue is dissolved in methanol and treated with 10 
parts of Amberlite® IRA-400(OH) ion exchange resin. After 3 hours, the 
solution is filtered and concentrated to provide the title compound. 

Example 131fi 

(1ft,2(?,3n,4q)-1.2-DifN-fS^-«-(cvnlnp ro DV lmeth v l)hen2vl-N-(4-phenoxvbQn7yl)- 
aminocarbonyl1ny^fnh utane-a.it.riioarboxvlin arjfl 
The compound resulting from Example 131 F is reacted with 
4-phenoxybenzaldehyde by the procedures described in Example 11. The 
resulting N-(S)-a-(cyclopropylmethyl)benzyl-N-(4-phenoxybenzyl)-amine is 
reacted with 1,2,3,4-cyclobutanetetracarboxylic dianhydride by the procedures 
described in Example 15 to afford the title compound. 

Example 132 

(10t,23,3B,4a)-1,2-PirN-fRVa-fcvclopmp V |methvhhen7 V |-N-r4-phfinr>xvben2yl\- 
aminocarbonvl1cvclfthnt qne-3.4-dinarhoxvlic a^iri 
The title compound is prepared by the procedures described in Example 
131 substituting (4R,5S)-(+)-4-methyl-5-phenyl-2- oxazolidinone for (4S.5R)- 
(-)-4-methyl-5-phenyl-2- oxazolidinone in Example 131 A. 
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E^mple 133 

Ma.2B.3B.4a)-1.2-DifN-p^^ 

aminQcarbopyllcyclobutane-a^-dicarboxylic acjd 

5 Example 133 A 

(4S.5m-3-(2-(4-(Phenox^^ 

one 

A mechanically stirred solution of 4-phenoxyphenylacetic acid at -78 °C 
is treated with one equivalent pivaloyl chloride then one equivalent 

10 triethylamine. The mixture is stirred at -78 °C for 15 minutes, at 0 °C for 45 
minutes, then recooled to -78 °C. In a separate flask, one part 2.5 M nBuLi is 
added to a solution of (4S,5R)-(-)-4-methyl-5-phenyl-2- oxazolidinone in THF at 
-78 °C. The solution is stirred for 15 minutes then transferred to the flask 
containing pivalic anhydride via cannula. The mixture is stirred for 15 minutes 

15 at -78 °C and 9 hours at room temperature. The mixture is quenched with 2 M 
KHSO4 and, after evaporation of the THF, is extracted 3 times with ethyl 
acetate. The combined ethyl acetate extracts are dried over MgS04, filtered 
and concentrated to provide the crude title compound which is purified by 
column chromatography eluting with ethyl acetate-hexane. 

20 

Example 133B 

(4S.5R.2 , S^3>r2-r2-ProDenvl^2-f4-phenoxvphenvh1acetvl>4-methvU5-Dhenyl- 

l^-oygzQiidin-g-Qne 
A solution of one equivalent of the compound resulting from Example 

25 133A in THF at -78 °C is transferred via cannula to a solution of one equivalent 
of 1 M sodium bis(trimethylsilyl)amide in THF at -78 °C. The cold enolate 
solution is stirred for 15 minutes at -78 °C then treated via cannula with 2 
equivalents of allyl iodide in THF at -78 °C. The solution is stirred for 6 hours at 
-78 °C then warmed to 0 °C and quenched with saturated ammonium chloride. 

30 The THF is removed, and the water layer is extracted 2 times with ethyl acetate. 
The combined washings are dried over MgSO^ filtered and concentrated to 
provide the crude title compound which is purified by column chromatography 
eluting with ethyl acetate-hexane. 
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Example 1330 
dm 6 thvn-9.M. phpn™ 
Dhenvl-1.3- O y a7 niirii n .o.n r ,o 
One equivalent of the compound resulting from Example 1 33B in 
CH 2 CI 2 at -23 °C is treated with 5 equivalents of 1 M diethyl zinc and 10 
equivalents of diiodomethane. The solution is stirred at -23 °C to 0 °C over 12 
hours, quenched with saturated NH 4 CI. and extracted with ether. The organic 
layer is washed with 10% NaHC0 3 and brine, dried over MgS0 4) filtered, 
concentrated and chromatogtaphed with ethyl acetate-hexane to provide the 
title compound. 



3 Example iflan 

f3)-«-rCvclonroDvlmethvh-4-p p e n 0 xvphPn Y i fl ootio *^ 
To a solution of one equivalent of the compound resulting from Example 
133C in 3:1 THF-H 2 0 at 0 °C is added 8 equivalents of 30% H 2 0 2 in H 2 0 
followed by 2 equivalents of 1 M LiOH. After stirring 2 hours at 0 °C, theTHF is 
removed, and the aqueous solution is extracted 3 times with CH 2 CI 2 The 
aqueous solution is acidified to pH 1 with 1 U HCI and extracted three times 
with ethyl acetate. The combined organic extracts are dried over MgS0 4t 
filtered and concentrated to provide the title compound. 

Example jflflF 

N-t-ButvloxvcarhonYl-fSVa-fcvclonronvlmethvn^-phor^ o xvben^iamip o 
A solution of one equivalent of the compound resulting from Example 
133D in toluene is treated with one equivalent of diphenylphosphoryl azide 
and warmed at 70 °C for 2 hours. The toluene is removed, and the residue is 
treated with 50 equivalents of 2-methyl-2-propanol and refluxed for 24 hours. 
The solvent is removed, and the residue is dissloved in ethyl acetate and 
washed with brine. The organic layer is dried over MgS0 4 , filtered, 
concentrated, and chromatographed eluting with ethyl acetate-hexane to 
provide the title compound. 
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Example 133F 
($)-N-fl-(CyfflQprppylm9thvl)-4'PhPnQxyben?y|amine 
One equivalent of the compound resulting from Example 133E in 
CH2CI2 at 0 °C is treated with 1 0 equivalents of trifluoroacetic acid. The 
solution is stirred at room temperature for 18 hours, and all volatiles are 
removed in vacuo. The residue is dissolved in methanol and treated with 10 
parts Amberlite® IRA-400(OH) ion exchange resin. After 3 hours, the solution 
is filtered and concentrated to provide the title compound. 

Example 133G 

(|g,gg,3P,4tt)-1,2-PifN-^ 

aminocarbonyl]cyclobutane-3.4-dicarboxvlic acid 
The compound resulting from Example 131F is reacted with 
propionaldehyde in analogy to the procedures described in Examples 1 and 2. 
The resulting N-propyl-N-(S)-a-(cyclopropylmethyl)-(4-phenoxybenzyl)-amine 
is reacted with 1 ,2,3,4-cyclobutanetetracarboxylic dianhydride by the 
procedures described in Example 13 to afford the title compound. 

Example 134 

(1a.2p.3p.4a)-1.2-Pi[N-p ropYl-^ 

aminocarbonyl]cyclobutane-3.4-dicarboxylic acid 
The title compound is prepared by the procedures described in 
Example 133 substituting (4R,5S)-(+)-4-methyl-5-phenyl-2-oxazolidinone is 
substituted for (4S,5,R)-(-)-4-methy-5-phenyl-2-oxazolidinone in Example 
133A. 
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Example 135 
Alternate Preparation of 
( 1 tt.2B.3R.4nri-1 .g-DifN-pr opvl-N-M-phflnoxybenTyn. 
aminocarbonvncynlnhi it ane-3.4-dicarboxvlic aniri 
A mixture of 507 mg (1.23 mrnol) of the compound resulting from 
Example 123A in 10 mL of toluene was reacted with 5 mL of oxalyl chloride. 
The mixture was heated to reflux for 0.5 hour. All volatiles were removed under 
reduced pressure affording a pale yellow oil. The oil was dissolved in 5 mL of 
acetone and reacted with 168 mg (2.58 mrnol) of sodium azide dissolved in 1 
mL of water. After 2 hours the mixture was filtered and the volatiles were 
removed under reduced pressure while keeping the flask cool. The oil was 
dissolved in 30 mL of toluene and the solution was heated at 70 °C for 2 
hours. Half of the solvent was removed under reduced pressure and 1 .0 mL of 
2-methyl-2-propanol and 20 mg of copper (I) chloride was added. The mixture 
was heated at 70 °C for 6 hours. All volatiles were removed under reduced 
pressure to afford a white solid. Purification by flash column chromatography 
on silica gel eluting with 2:1 hexane-ethyl acetate afforded 250 mg (36.7%) of 
white powder. 

A 200 mg (0.361 mrnol) sample of this powder was dissolved in 4 mL of 
dry DMF and was reacted sequentially with 127 mg (0.758 mrnol) of allyl iodide 
and 30 mg (0.76 mrnol) of a 60% dispersion of sodium hydride in mineral oil. 
After 1 8 hours water was added and the mixture was extracted with ethyl 
acetate. All volatiles were removed under reduced pressure affording an oil. 
Purification by flash column chromatography on silica gel eluting with 2:1 
hexane-ethyi acetate afforded 1 10 mg (48%) of a clear oil. This oil was 
dissolved in 10 mL of methylene chloride and cooled to 0 °C under nitrogen, 
whereupon 1 mL of trifluoroacetic acid was added. After 2 hours all volatiles 
were removed under reduced pressure, affording 75.5 mg of crude product. 
This product was dissolved in 10 mL of dry tetrahydrofuran and was treated 
with 87.3 mg (0.382 mrnol) of 4-phenoxyphenylacetic acid, 80.8 mg (0.421 
mrnol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 56.8 
mg (0.421 mrnol) of 1-hydroxybenzotriazole hydrate, and 128 mg (1.26 mrnol) 
of triethylamine. After 3 days 50 mL of ethyl acetate was added and the mixture 
was washed with brine and dilute hydrochloric acid. All volatiles are removed 
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under reduced pressure affording an oil. The oil was dissolved in 20 mL of 
ethyl acetate with 40 mg of 10% palladium on charcoal and was stirred under 
an atmosphere of hydrogen for two days. The mixture was filtered and purified 
by flash column chromatography on silica gel eluting with 40:1:1 ethyl acetate- 
5 formic acid-water to yield 6 mg of the title compound. MS (FAB) m/e 678. 

Example 136 

(1 a.2B.3B.4tt) -1 .2-DifN-propvl-N-f4-phenoxvbenzvhaminQcarbr>nyH-a- 
(ethoxvcarbonvncvclobutane-4 -carboxvlic acid 

10 To the compound resulting from Example 17 (0.44 mmol) dissolved in 5 

mL of CH2CI2 was added 1,1-carbonyldiimidazole (0.40 mmol). The resulting 
solution was stirred 5 minutes at room temperature and then treated with 
ethanol (0.40 mmol) in one portion. The mixture was allowed to react 18 hours 
at room temperature, diluted with 50 mL of CH2CI2, washed with 25 mL of 1 H 

15 H3PO4 and 25 mL of 10% NaCI, dried over anhydrous MgS0 4l filtered and 
concentrated in vacuo to afford a foamy solid. The solid was dissolved in 5 mL 
of 98:1.5:0.5 CHCl3-MeOH-HOAc, applied to a column containing silica gel 
and eluted to afford the title compound as a white amorphous solid. 1 H NMR 
(CDCI3) 6 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 8H), 4.81-4.65 

20 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H), 3.71 -3.80 (m, 
2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1 H), 1 .48-1.68 (m, 4H), 0.82-0.97 (m, 9H). MS (FAB+) m/e 707 (M+H)+. MS 
(FAB-)m/e705(M-H)+. 

25 Example 137 

(1 oc.2B.3B.4ori -1 .2-DifN-propvl-N-f4-phen oxvbenzvhaminocarbQnyl|-a- 
(proPOXVcarbonvncyclobutane-4-carboxvlic acid 
The title compound was prepared by the methods described in Example 
136. 1H NMR (CDCI3) 6 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
30 8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H), 
3.71 -3.80 

(m, 2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1 H), 1.48-1.68 (m, 4H), 0.82-0.97 (m, 9H). MS (FAB+) m/e 721 (M+H)+. MS 
(FAB-)m/e719(M-H)+. 
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Example 13ft 

f 1 tt.2B.3R.4fri -1 P-r)irN-DrQPvl.N-M.ph e noxvben7i/n fl minocarhnn Y n -a. 
fbutoxvcarbonvncvclobuta ne-4-carboxy lin ariri 
The title compound was prepared by the methods described in Example 
136. 1H NMR (CDCI 3 ) 8 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H), 
3.71 -3.80 

(m, 2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1H), 2.85 -2.75 (m, 2H), 1.48-1.68 (m, 4H), 0.82-0.97 (m, 9H). MS (FAB+) m/e 
735(M+H)+. MS (FAB-) m/e 733 (M-H)+. 

Example 139 

(1 tt,2p,3p,4oc) -1 l ? - PirN-Pr0PVl-N-r4-nhenoxvbeny V naminocarhnn V l]-a. 
(isobutoxvcarbonyhfiy olobutane-^narboxvlic ariri 
The title compound was prepared by the methods described in Example 
136. 1H NMR (CDCI3) 8 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H) 
3.71 -3.80 

(m, 2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1H), 1.75-1.99 (m, 2H), 1.48-1.68 (m, 4H), 0.82-0.97 (m, 12H). MS (FAB+) m/e 
735(M+H)+. MS (FAB-) m/e 733 (M-H)+. 

Example 140 

(1 (*.2p.3P,4tt) -1 l ?-PirN-PrOPVl-N-(4-PhRnoxvb e n7vl)ami r,o C arbonyl1-3- 
fpentoxvcarbonvhcvclQbiitfl ne-4.carbowlin a*8H 
The title compound was prepared by the methods described in Example 
136. 1H NMR (CDCI3) 8 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H) 
3.71 -3.80 
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(m, 2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1 H), 1 .48-1 .68 (m, 4H),1 .20-1 .38 (m, 4H), 0.82-0.97 (m, 9H). MS (FAB+) m/e 
749 (M+H)+. MS (FAB-) m/e 747 (M-H)+ 

5 Example 141 

(1 a.2B.3B.4otl -1 .2-PirN-proPVl-N-(4-Phenoxvbenzvnaminocarbonvl1-3-M - 
methvlpropoxvcaroondtevclobutane-4-carboxvlic acid 
The title compound was prepared by the methods described in Example 
136. 1 H NMR (CDCI 3 ) 8 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
10 8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H), 
3.71 -3.80 

(m, 1H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1H), 1.48-1.68 (m, 4H), 1.10-1.30 (m, 2H), 0.82-0.97 (m, 12H). MS (FAB+) m/e 
735 (M+H)+. MS (FAB-) m/e 733 (M-H)+. 

15 

Example 142 

(1oc,26.3B,4g) -1.2-PirN-propvl-N-f4-phenoxvbenzvhaminocarbonvn-3-(tert- 
butvloxvcarbonvhcvclobutane-4-carboxylic acid 
The title compound was prepared by the methods described in Example 
20 1 36. 1H NMR (CDCI3) 8 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H), 
3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 1H), 
1.48-1.68 (m, 13H), 0.82-0.97 (m, 6H). MS (FAB+) m/e 735 (M+H)+. MS (FAB-) 
m/e 733 (M-H)+. 

25 

Example 143 

( 1 tt.2p.3ft.4ttl -1 .2-DifN-propvl-N-(4-phen oxybenzyl)aminocarbonvH-3- 
(isopropoxycarbony|)cycl0bMtane-4-carbpxylicacid 
The title compound was prepared by the methods described in Example 
30 1 36. 1 H NMR (CDCI3) 8 7.38-7.1 8 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-5.72 (m, 2H), 
3.71 -3.80 
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(m, 2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
1 H), 1 .48-1 .68 (m, 4H), 1 .10-1 .30 (m, 6H), 0.82-0.97 (m, 6H). MS (FAB+) m/e 
721 (M+H)+. MS (FAB-) m/e 719 (M-H)+. 

5 

Example 144 

f 1 tt.2B.3B.4ot) -1 ^-DirN-propyl-N-a-phenoxybenzyhaminocarbonvn-a- 
(isoamvloxvcarbQnyhcvclobut ane-4-carboxylic acid 
10 The title compound was prepared by the methods described in Example 

136. 1H NMR (CDCI 3 ) 8 7.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 3.85-3.72 (m, 2H), 
3.71 -3.80 

(m, 2H ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 3H), 3.20-3.02 (m, 1H), 3.02-2.88 (m, 
15 1 H), 1 .48-1 .68 (m, 4H),1 .1 -1 .4 (m, 3H), 0.82-0.97 (m, 12H). MS (FAB+) m/e 
749 (M+H)+. MS (FAB-) m/e 747 (M-H)+. 

Example 145 

(1 a.2B.3B.4a) -1 .2-DirN-Dropyl-N-r4-phenoxvben2 yhaminocarbonvn-3-^1 Sl- 
20 1 -methoxvcarbonvl-1 -e thoxycarbonvhcyclobutane-4-carboxvlic acid 

The title compound was prepared by the methods described in Example 
136. 1H NMR (CDCI3) 57.38-7.18 (m, 8H), 7.14-7.05 (m, 2H), 6.86-7.00 (m, 
8H),4.99-5.09 (m, 1H), 4.81-4.65 (m, 2H), 4.44-4.31 (m, 2H), 4.22-4.08 (m, 2H), 
3.85-3.72 (m, 2H), 3.71 -3.80 (s, 3H total ), 3.68-3.45 (m, 1H), 3.34-3.29 (m, 
25 3H), 3.20-3.02 (m, 1 H), 3.02-2.88 (m, 1 H), 1 .48-1 .68 (m, 4H), 1 .2-1 .3 (d, 3H), 
0.82-0.97 (m, 6H). MS (FAB+) m/e 765 (M+H)+. MS (FAB-) m/e 763 (M-H)+. 

Example 146 

( 1 ot.2B.3B.4ort -1 .2-Dif N-propyl-N-r4-pheno xvben2vhaminocarbonvn-3- 
30 rbutoxycarbonylmethyncvclobutane-4-acetic acid 

To the compound resulting from Example 103 (0.44 mmol) dissolved in 
5 mL of CH2CI2 was added 1,1-carbonyldiimidazole (0.40 mmol). The 
resulting solution was stirred 5 minutes at room temperature, then n-butanol 
(0.40 mmol) was added in one portion. The mixture was stirred for 18 hours at 
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room temperature and then diluted with 50 mL of CH2CI2 and washed with 25 
mL of 1 N H3PO4 and 25 mL of 10% NaCI, dried over anhydrous MgSCXt, 
filtered and concentrated in vacuo to give a foamy solid. The solid was 
dissolved in 5 mL of 98:1.5:0.5 CHCb-MeOH-HOAc, applied to a column 
5 containing silica gel and eluted to give the title compound as a white 

amorphous solid. 1 H NMR (CDCI3) 8 7.37-6.90 (m, 18H), 4.97-4.89, 4.62-4.54, 
4.35-4.23, 4.20-4.10, 3.68-3.58, 3.21-3.04, 2.96-2.51, 2.32-2.22, 2.19 -2.08 
(complex multiplets, total 18 H), 1.76 -1.46 (m, 6H), 1.22-1.38 (m, 2H), 0.98- 
0.82 (m, 9H). MS (FAB+) m/e 763 (M+H)+. MS (FAB-) m/e 761 (M-H)+. 

10 

Example 147 

(1 cc.2B.3B.4ori -1 .2-DirN-Dropvl-N-r 4-Dhenoxvbenzvhaminocarbonyl)-3-(n S^- 
1 -methoxvca rbonvl-1 -ethoxycarbonylmethvncvclobutane-4-acetic acid 
The title compound was prepared by the procedures described in 
15 Example 146. 1 H NMR (CDCI3) 8 7.37-6.90 (m, 18H), 5.1 1-4.99 (m, 1H), 4.97- 
4.89, 4.62-4.54, 4.35-4.23, 4.20-4.10, 3.71-3.75 (m, 3H), 3.68-3.58, 3.21-3.04, 
2.96-2.51, 2.32-2.22, 2.19 -2.08 (complex multiplets, total 16 H), 1.76 -1.46 (m, 
6H), 0.98-0.82 (m, 9H). MS (FAB+) m/e 793 (M+H)+. MS (FAB-) m/e 791 (M- 
H)+. 

20 

Example 148 

( 1 oc.2B.3B.4cd -1 .2-DirN-propvl-N-r4-phenoxvbenzvl^ aminocarbonvn-3-f N NI- 
diethvlacetamidocarbonvlmethyncyclobutane-4-acetic acid - 
The title compound was prepared by the procedures described in 
25 Example 146. 1 H NMR (CDCI3) 7.37-6.90 (m, 18H), 4.97-4.89, 4.62-4.54, 4.35- 
4.23, 4.20-4.10, 3.68-3.58, 3.21-3.04, 2.96-2.51, 2.32-2.22, 2.19 -2.08 (complex 
multiplets, total 18 H)1.76 -1.46 (m, 6H);1.22-1.38 (m, 4H) 0.98-0.82 (m, 12H). 
MS (FAB+K) m/e 858 (M+H)+. 
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Example 149ft 

f1tt.gp,3P.4ff)-1.?-nifN-PrOPVl-N-M-DhenQXvhfin 7vhaminnnarhnn V l1A 
(acetoxvmethoxvcarbonyl)n U rl obutane-4.ftarboxvlic aniri a , ^ 

Example 149R 

(1g,2&.3P,4(y,)-1,?-PifN-propvl-N-(4-Phflnoxvb e n7vhami n r > car b Q nvl).a/i. 
^if9cetQxvmethoxvcarhonvhcvciQhnt flnft 
A mixture of 100 mg (0.148 mmol) of the compound resulting from 
Example 17, 22.6 mg (0.148 mmol) of bromomethyl acetate, 9.0 mg (0.054 
mmol) of potassium iodide, and 6.5 mg (0:148 mmol) of a 60% dispersion of 
sodium hydride in mineral oil in 5.0 mL of anhydrous dimethyl formamide was 
heated to between 80 °C and 120 °C for 6 hours. The reaction mixture was 
poured into water, and the mixture was extracted with ethyl acetate. The 
combined extracts were dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to give an oil containing a mixture of 
isomers. The oil was purified by flash column chromatography on silica gel, 
first eluting with 5:1 hexane-ethyl acetate, then with 2:1 hexane-ethyl acetate, 
and, lastly with 1800:1:1 ethyl acetate-formic acid-water (1800:1:1) to give the 
title compounds. Example 149 A: 1 H NMR (CDCI3, 300 MHz) 5 0.8-1.0 (m, 6H), 
1 .4-1 .6 (m, 4H), 2.0-2.1 (m, 3H), 2.9-3.3 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 
4H), 5.4-5.8 (m, 2H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 751 (M+H) + . Example 
149B: 'H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 1.4-1.6 (m, 4H), 2.0-2.1 
(m, 6H), 2.9-3.3 (m, 4H), 3.fM;2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 4H), 6.8- 
7.4 (m, 18H). MS (FAB+) m/e 823 (M+H) + . 

Example 1SOA 

(1g.26.3B.4a)-1 P-nirN.prQPvl.N./4. phenoxvben7ynaminQnarhnn Y n -^- 
(propionvloxvmflthoxvcarbonyl)n Y clobutanfl-4-carboxylin arid a n H 

Example 150B 

(1g,2p,3p,4f)f.)-1,2-PifN-propvl-N-(4-phenoxvhenzvn a minnr fl r ! ,n nY n - ff / | . 
dirpropipnyloyYmflth o XVe arbonyl)cvclQbutana 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl propionate, prepared by. the method of 
Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R, Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. Example 
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150A: 1 H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 1.1-1.2 (m, 3H), 1.4-1.6 
(m, 4H), 2.2-2.4 (m, 2H), 2.9-3.3 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4- 
5.8 (m, 2H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 765 (M+H) + . Example 150B: 1 H 
NMR (CDCI3, 300 MHz) 80.8-1.0 (m, 6H), 1.1-1.2 (m, 6H), 1.4-1.6 (m, 4H), 2.2- 
2.4 (m, 4H), 2.9-3.3 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 2H), 
6.8-7.4 (m, 18H). MS (FAB+) m/e 851 (M+H) + . 

Example 151 A 

(1a.2B.3B.4aM.2-DirN-proDVI-N-f4-DhenoxvbenzvnaminocarbQnvn-3- 
fbutvrvloxymethoxycarbonyhcyclobutane-4-carboxvlic acid and 

Example 151B 

(1a.2B.3B.4a>-1 .2-DirN-propvl-N-(4-phenoxvbenzvnaminoca rbonyp-3.4- 
difbutvrvloxvmethoxvcarbonyhcvclobutane 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl butyrate, prepared by the method of 
Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. Example 
151 A: 1 H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 9H), 1.4-1.7 (m, 6H), 2.2-2.4 
(m, 2H), 3.0-3.4 (m, 4H), 3.8-4.1 (m, 4H), 4.3-4.6 (m, 4H), 5.4-5.8 (m, 2H), 6.8- 
7.4 (m, 18H). MS (FAB+) m/e 779 (M+H) + . Example 152B: 1 H NMR (CDCI3, 
300 MHz) 8 0.8-1.0 (m, 12H), 1.4-1.7 (m, 8H), 2.2-2.4 (m, 4H), 3.0-3.4 (m, 4H), 
3.8-4.1 (m, 4H), 4.3-4.6 (m, 4H), 5.4-5.8 (m, 4H), 6.8-7.4 (m, 18H). MS (FAB+) 
m/e 879 (M+H) + . 

Example 152A 

(1 g.2B.3B.4a)-1 .2-Di[N-propyl-N-(4-phenoxybenzynaminocarbonyl1-3- 

(isobutyryloxymethoxycarbopy|)Qyplobutane-4-carboxy|ip acid and 

Example 152B 

( 1 g.2B.3B.4al-1 .2-DifN-propyl-N-f4-phenoxvbenzvnaminocarbonvn-3.4- 
diflsobutvrvloxvmethoxvcarbonvncvclobutane 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl isobutyrate, prepared by the method of 
Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. Example 
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152A: 1 H NMR (CDCI 3 . 300 MHz) 8 0.8-1.0 (m, 6H), 1.1-1.3 (m, 6H) 1.4-1.7 (m, 
4H), 2.4-2.7 (m, 1H), 3.0-3.4 (m, 4H), 3.8-4.1 (m, 4H), 4.3-4.6 (m, 4H), 5.4-5.8 
(m, 2H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 779 (M+H) + . Example 152B: *H 
NMR(CDCI 3 , 300 MHz) 5 0.8-1 .0(m, 6H), 1.1-1.3 (m, 12H) 1.4-1.7 (m, 4H), 2.4- 

2.7 (m, 2H), 3.0-3.4 (m, 4H), 3.8-4.1 (m, 4H), 4.3-4.6 (m, 4H), 5.4-5.8 (m, 4H), 

6.8- 7.4 (m, 18H). MS (FAB+) m/e 879 (M+H) + . 

Example 153A 

(Ig^p.sp^^-l.g-pirN-propvl-N-^-Dhenoxvbenzvhamin ocarbonvn-a- 
fpivalovloxvmethoxvcarbonvn ovclobutane-4-carbQxylif! aflri g n H 

Example 1S3R 

(1ft.2P,36.4a)-1.P-DifN-propvl-N-r4-p henoxvben7yl\aminQcarhnnyl].^ i A. 
di(Divalovloxyme thoxvcarbnnvhcyclQbtJtanft 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl pivalate, prepared by the method of 
Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. Example 
153A: 1 H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 0.8-1.0 (m, 6H), 1.2-1.4 
(m, 9H), 1.4-1.6 (m, 4H), 3.0-3.5 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4- 

5.8 (m, 2H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 793 (M+H) + . Example 153B: 1 H 
NMR (CDCI 3 , 300 MHz) 88-1.0 (m, 6H), 1.2-1.4 (m, 18H), 1.4-1.6 (m, 4H), 3.0- 
3.5 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 4H), 6.8-7.4 (m, 1flH«. 
MS (FAB+) m/e 907 (M+H) + . 

Example 154 

n«,2P.3D.4«)-1.2-DirN-propvl-N-f4-Dhenoxvb e n7 V n a m inQcarhnn V l1^ 4- 
dKcvclopropvlcarboxy methoxvcarbonvhcvclohntanfl 
The title compound was prepared by the procedures described in 
Example 149 substituting chloromethyl cyclopropylcarboxylate, prepared by 
the method of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., 
Muhle, H., Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 
1 H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 14H), 1.4-1.6 (m, 6H), 2.0-2.1 (m, 6H), 

2.9- 3.3 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 4H), 6.8-7.4 (m, 
18H). MS (FAB+) m/e 875 (M+H) + . 
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Example 155A 

(1ft,2P,3B.4«)-1.2-DirN-propvl-N-f4-phenoxvben2vnami nocarbonyl|-3- 
fcvclpbutVlcarboxvmethoxvcarbonvncvclobutane-4- carfaoxvlic acid anrj 

Example 155B 

(1a.2B.3B.4aM.2-DirN-prppvl-N-/4-phenpxvbenzvna minpcarbonviyaii. 
difcvclPbutvlcarbpxvmethpxvcarbpnyn cyclpbutana 
The title compeunds were prepared by the procedures described in 
Example 149 substituting chloromethyl cyclobutylcarboxylate, prepared by the 
method of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., 
Muhle, H., Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 
Example 155A: 1 H NMR (CDCI 3 , 300 MHz) 5 0.8-1.0 (m, 6H), 1.4-1.7 (m, 4H), 
1 .8-2.1 (m, 2H), 2.1-2.4 (m, 4H), 3.0-3.5 (m, 5H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 
4H), 5.4-5.8 (m, 2H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 791 (M+H) + . Example 
155B: 1 H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 1.4-1.6 (m, 4H), 1.8-2.1 m, 
4H), 2.1-2.4 (m, 8H), 3.0-3.5 (m, 6H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 
(m, 4H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 903 (M+H) + . 

Example 156A 

(1a.2B.3B.4re)-1.2-DifN-propvl-N-r4-phenoxybe nzvhaminocarbonviy3- 
fcvclopentvlcarboxvmethoxvcarbonvhcvclobuta ne-4-carboxvlic a<Md and 

Example 156B 

(1a,2B.3B.4a)-1.2-PirN-propvl-N-r4-phenoxybenzy naminocarbonyl)-a4- 
difcvclopentvlcarooxvmethoxycarbo nvncvclobutane 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl cyclopentylcarboxylate, prepared by 
the method of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., 
Muhle, H., Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 
Example 156A: 1 H NMR (CDCI3. 300 MHz) 8 0.8-1.0 (m, 6H), 1.4-2.0 (m, 12H), 
2.6-2.9 (m, 1H), 3.0-3.5 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 
2H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 805 (M+H) + . Example 156B: 1 H NMR 
(CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 1.4-2.0 (m, 20H), 2.6-2.9 (m, 2H), 3.0-3.5 
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(m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 4H), 6.8-7.4 (m, 18H). MS 
(FAB+) ra/e 931 (M+H) + . 

Example 1S7A 

f1ff,2p.3&.4ffi)-1 . 2-pifN-propvl-N-f4-nhenQxvbfin7yl) fl m inocarbonyl]-a- 
fPYCl9h9XYlg9rfaOXVmftthoyvcarbonvncvclohutanewt.r a rhnv y li c acid anri 

Example 1S7B 

f 1 tt.2B.3P.4tt)-1 ,P-nirN-nropvl.N.M.ph fl n oxvben7 V h a minocarbonvn.a A. 
difcvclohexvlcarboxymethoxvnarhnq vhcvclobiitflnfi 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl cyclohexylcarboxylate, prepared by the 
method of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., 
Muhle, H., Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 
Example 157A: 1 H NMR (CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 1.2-2.0 (m, 14H), 
2.2-2.4 (m, 1H), 3.0-3.5 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 
2H), 6.8-7.4 (m,18H). MS (FAB+) m/e 819 (M+H) + . Example 157B: 1 H NMR 
(CDCI3, 300 MHz) 8 0.8-1.0 (m, 6H), 1.2-2.0 (m, 24H), 2.2-2.4 (m, 2H), 3.0-3.5 
(m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 4H), 6.8-7.4 (m, 18H). MS 
(FAB+) m/e 959 (M+H) + . 

Example 15ftA 

(1ff,2B.3P.4or.)-1,2-nirN-propvl-N-M.p henoxvbfln7yl)aminocarhnn V |) -a. 
(cyclohexylcaroo)(vmftthoxvcait»onvhnynl obut a n 6 -4.r a rhoxvli c amri-anri 

Example 158B 

(1«,2B.3P,4g)-1 , 2-PirN-propvl-N-f4-phenQxvb e n 7 yi) am | n OC arb Q nyii.?< i 4. 
dKcvclohexvlcarbQxymflt hpxvcarhnnyncvclobtJtanfi 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl benzoate, prepared by the method of 
Neuenschwander, M., Bigler, P., Christen, K., Iseli, R, Kyburz, R„ Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. Example 
158A: 1 H NMR (CDCI3, 300 MHz) 8 0.6-1.0 (m, 6H), 1.2-1.7 (m, 4H), 2.9-3.3 
(m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.7-6.0 (m, 2H), 6.8-7.6 (m, 23H), 8.0- 
8.1 (m, 1H). MS (FAB+) m/e 813 (M+H) + . Example 157B: 1 H NMR (CDCI3 
300 MHz) 8 0.6-1 .0 (m, 6H), 1 .2-1 .7 (m, 4H), 2.9-3.3 (m, 4H), 3.8-4.2 (m, 4H)' 
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4.3-4.7 (m, 4H), 5.7-6.0 (m, 2H), 6.8-7.6 (m, 27H), 8.0-8.1 (m, 2H). MS (FAB+) 
m/e947(M+H) + . 

Example 159 

na.2B.3B.4a)-1.2-DifN-propvl-N-f4-phenoxvben2vhami nocarbonvl1-3-M- 
propionvloxvethoxvcarbonvUcvclobutane-4- carboxvlic acid 
The title compound was prepared by the procedures described in 
Example 149 substituting chloroethyl propionate, prepared by the method of 
Neuenschwander, M., Bigler, P., Christen, K, Iseli, R., Kyburz, R., Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 1 H NMR 
(CDCI3, 300 MHz) 5 0.7-0.9 (m, 6H), 1.0-1.1 (m, 3H), 1.3-1.6 (m, 4H), 2.2-2.4 
(m, 2H), 2.9-3.4 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 6.8-7.6 (m, 19H). MS 
(FAB+) m/e 779 (M+H) + . 

Example 160A 

( 1 a.2B.3B.4od-1 .2-DirN-propyl-N-(4- phenoxvben2vhaminocarbonvn-3-(1 - 
pivalovloxvethoxvcarbonvncvclobutane-4-carb oxylic acid and 

Example 16QB 

Ma.2B.3B.4aV1.2-DirN-propvl-N-f4-phenoxvbenzvna minocarbonvn-3.4-diM- 
pivalovloxvethoxvcarfaonvmcyclobutane 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloroethyl pivalate, prepared by the method of 
Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., Muhle; H., 
Helv. Chim. Acta 61 : 2047-2058 (1978), for bromomethyl acetate. Example 
160A: 1 H NMR (CDCI3, 300 MHz) 8 0.6-1.0 (m, 6H), 1.1-1.2 (m, 9H),1.2-1.7 (m, 
7H), 2.9-3.5 (m, 4H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 6.8-7.6 (m, 19H). MS 
(FAB+) m/e 845 (M+H) + . Example 160B: 1 H NMR (CDCI3. 300 MHz) 5 0.6-1.0 
(m, 6H), 1.1-1.2 (m, 18H),1.2-1.7 (m, 10H), 2.9-3.5 (m, 4H), 3.8-4.2 (m, 4H), 4.3- 
4.7 (m, 4H), 6.8-7.6 (m, 20H). MS (FAB+) m/e 973 (M+H) + . 

Example 161 

(1 a.2B.3B.4otM .2-Di[N-propyl-N-(4-phenoxybenzyl)aminocarbonyl]-3-M - 
methyl-1-propionvloxvethoxvcarbonvhcvclobutane-4-carboxvlic acid 
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The title compound was prepared by the procedures described in 
Example. 149 substituting 2-chloropropyl propionate, prepared by the method 
of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R„ Muhle, H., 
Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 1 H NMR 
(CDCI3, 300 MHz) 8 0.7-0.9 (m, 6H), 1.0-1.1 (m, 3H), 1.3-1.6 (m, 4H), 2.2-2.4 
(m, 2H), 2.9-3.4 (m, 4H), 3.5 (s, 6H) 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 6.8-7.6 (m, 
18H). MS(FAB+)m/e793(M+H) + . 

Example 162A 

(1tt.2B.3B.4aV1.P-r)ifN-DroD V l-N-f4-phenoxvbenzv naminocarhonvl1-.^ 

fmethoxycarhnxy methoxvcarbonvncvclobutane-4-carboxvlic acid and 

Example 162B 

(1a.2B.3B.4a)-1.P-nirN-DrQDvl-N-M. phenoxvben7vhaminQcarhnnyl|-a i 4- 
di^methoxycarbnyy methoxvcarhonvl^cvclobutane 
The title compounds were prepared by the procedures described in 
Example 149 substituting chloromethyl methyl carbonate, prepared by the 
method of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, R., 
Muhle, H., Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl acetate. 
Example 162A: 1 H NMR (CDCI 3l 300 MHz) 6 0.7-1.0 (m, 6H), 1.4-1.7 (m, 4H), 
3.0-3.4 (m, 4H), 3.7-3.8 (m. 3H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 
2H), 6.9-7.4 (m, 18H). MS (FAB+) m/e 767 (M+H) + . Example 162B: 1 H NMR 
(CDCI3. 300 MHz) 5 0.7-1.0 (m, 6H), 1.4-1.7 (m, 4H), 3.0-3.4 (m, 4H), 3.7-3.8 
(m. 6H), 3.8-4.2 (m, 4H), 4.3-4.7 (m, 4H), 5.4-5.8 (m, 4H), 6.9-7.4 (m, 18H). MS 
(FAB+) m/e 855 (M+H) + . 
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Example 163A 

(1a.2B.3B,4ff)-1.2-DirN-propvl-N-r4-Dhenoxvben2vh aminocarfaonvn-a- 
fpropionvloxvmethoxvcaroonvlme thvncyclobutane-4-acetic acid and 

Example 163B 

f1«.2B.3B.4a)-1.2-DirN-proPvl-N-f4-phenoxvbenzvnaminocarbpnvll-3 4. 
difpropionvloxvmethoxvc arbonvlmethyl^cvclobutane 
The title compounds were prepared by the procedures described in 
Example 149 substituting the compound resulting from Example 103 for the 
compound resulting from Example 17 and chloromethyl propionate, prepared 
by the method of Neuenschwander, M., Bigler, P., Christen, K., Iseli, R., Kyburz, 
R., Muhle, H., Helv. Chim. Acta 61: 2047-2058 (1978), for bromomethyl 
acetate. Example 162A: 1 H NMR (CDCI 3 . 300 MHz) 8 0.8-1.0 (m, 6H), 1.1-1.2 
(m, 3H), 1.4-1.8 (m, 4H), 2.3-2.5 (m, 2H), 2.5-2.9 (m, 7H), 3.0-3.4 (m, 2H), 3.5- 

3.7 (m, 1H), 4.1-4.3 (m, 4H), 4.6-4.8 (m, 1H), 4.8-4.9 (m. 1H), 5.6-5.8 (m, 2H), 
6.8-7.4 (m, 18H). MS (FAB+) m/e 793 (M+H) + . Example 162B: 1 H NMR 
(CDCI3. 300 MHz) 8 0.8-1.0 (m, 6H), 1.1-1.2 (m, 6H), 1.4-1.8 (m, 4H), 2.3-2.5 
(m, 4H), 2.5-2.9 (m, 7H), 3.0-3.4 (m, 2H), 3.5-3.7 (m, 1H), 4.1-4.3 (m, 4H), 4.6- 

4.8 (m, 1H), 4.8-4.9 (m. 1H), 5.6-5.8 (m, 4H), 6.8-7.4 (m, 18H). MS (FAB+) m/e 
879 (M+H) + . 

Example 164 

( 1 a.2B.3B.4cd-1 .2-DirN-propvl-N-r4-phenoxybenzyhaminocarbonvn.aW9- 
hvdroxv-3.4-dioxocvclobut-1 -envlaminotevclobut ane-4-carboxvlic acid 

Example 164A 

Benzyl na.2B.3B.4aV1 .2-DirN-propyl-N-f4-phenoxybenzvnammocarbonyl1-3- 

aminocvclobuta ne-4-carboxylate 
The compound resulting from Example 123B was hydrolyzed by the 
method of Example 95 to give the corresponding monoacid. MS (FAB+) m/e 
769 (M+H)+ 

The above monoacid was treated by the method of Example 93A using 
allyl alcohol instead of 5-aminotetrazole, and using 2:1 hexane-EtOAc as the 
eluant for the chromatography to give the allyl carbamate. MS (FAB+) m/e 824 
(M+H)+. 
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To the above carbamate (90 mg, 0.11 mmol) dissolved in CH 2 CI 2 (0.5 
ml_), was, added triphenylphosphine (2 mg, 0.007 mmol), 
tetrakis(triphenylphosphine)- palladium(O) (3.5 mg 0.003 mmol) and pyrrolidine 
(0.019 ml_, 16 mg, 0.23 mmol). After stirring at room temperature for 1 hour, the 
reaction mixture was filtered through a small plug of silica gel eluting with 
EtOAc to give the title compound (82 mg, 100%). MS (FAB+) m/e 740 (M+H)+. 

Example 164B 
3.4-Dibenzvloyy-fl.n V cl6hutenft-1 P-riinna 

3,4-Dihydroxy-3-cyclobutene-1,2-dione (2.0 g, 17 mmol), benzyl alcohol 
(5.0 ml_, 5.2 g, 48 mmol), and p-toluenesulfonic acid monohydrate (170 mg, 0.9 
mmol) were slurried in toluene (20 mL), and heated under reflux with a Dean- 
Stark trap for 3 days. The insoluble material was filtered off, and the filtrate was 
diluted with ether (100 mL), washed with 2x with saturated aqueous NaHC03 
solution and brine, dried over Na2S04, filtered and concentrated to a crude 
residue. The crude product was purified by chromatography eluting with 4:1 
hexane-EtOAc to give the title compound (1.5 g, 29%) as an oil which slowly 
solidified on standing. MS (FAB+) m/e 312 (M+NH 3 +H)+. 

Example 164C 

Benzvl nft.2B.3B.4^-1.2.DifN-Dropyl-N- U-DhenQxybBnzvhaminonarhnn Y ll..q. 
(2-hvdroxv-3.4-dioxocvclobut-1- envlamino^cyclobutane-4-carboxylatfl 
The compounds resulting from Examples 164A (80 mg, 0.1 1 mmol) and 
164B (46 mg, 0.16 mmol) were dissolved in DMF (0.33 mL), and stirred at 75 
°C overnight. The reaction was cooled to room temperature, diluted with 
EtOAc, washed with 2x with water and brine, dried over Na2S04, filtered and 
concentrated. The crude residue was purified by chromatography eluting with 
6:4 hexane-EtOAc to give the title compound (53 mg, 53%). MS (FAB+) m/e 
926(M+H)+. 
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Example 164D 

na.2B.3B.4aV1.2-DirN-propyl -N-r4-phenoxvben2vnaminocarfaonyl1-?-(p- 
hvdroxv-3.4-dioxocvclobut-1-envlamino^c vclobutane-4-carboxyHc aniri 
The compound resulting from Example 164C was hydrogenolyzed by 
5 the method of Example 74B, with the residue resulting from concentration of 
the filtrate being treated as In Example 81 B to give the title compound. 1H 
NMR (DMSO-d 6 ) 8 7.39, 7.28, 7.15, 6.97, 6.86 (all m, total 18H), 5.05, 4.70 
(both m, total 4H), 4.40-3.35 (envelope, 6H), 3.25 (m, 1H), 3.05-2.65 (envelope, 
1 H), 1 .47 (m, 4H), 0.80 (m, 6H). MS (FAB-) m/e 744 (M-H)*. Anal cald for 
10 C 4 3H43N 3 0 9 • 0.5 H 2 0: C, 68.42; H, 5.88; N, 5.57. Found: C, 68.45; H, 5.84; 
N, 5.38. 

Example 165 

(1a.2B.3B.4«)-1.2-DirN-propvl-N-r4-phenoxvben zvhaminQcarbonvH-3-r5-oxo- 
15 4.5-dihvdro-M .3.41oxadi azol-2-vhcvclobutane-4-carboxvlic acid 

Example 165A 
Benzyl M<x.2B.3B.4ort-1 .2-DirN-proDvl-N-M- 
Phenoxvbenzvnaminocarbonvl1cvclobutane-3-hydraz inocarbonvl-4- 

20 carboxylase 

To the monoacid resulting from the first part of Example 164A (450 mg, 
0.58 mmol) dissolved in THF (5 mL) and cooled to -15 °C were added N- 
methylmorpholine ( 0.070 mL, 64 mg, 0.64 mmol) and isobutyl chloroformate 
(0.079 mL, 83 mg, 0.61 mmol). After 20 minutes, t-butyl carbazate (85 mg, 0.64 

25 mmol) was added, and the reaction allowed to warm to room temperature 
overnight. The reaction was diluted with EtOAc, washed with 3x with 1 M 
H3PO4 and brine, dried over Na2S(>4, filtered and concentrated. The resulting 
crude residue was purified by chromatography eluting with 2:1 hexane-EtOAc 
to give the protected hydrazide (450 mg, 88%). 

30 The protected hydrazide was dissolved In 4 M HCI in dioxane (7 mL), 

stirred at room tempaerature for 1 hour, concentrated, and partitioned between 
saturated aqueous NaHC03 and EtOAc. The organic layer was washed with 
water and brine, dried over Na 2 S04, filtered and concentrated to give the title 
compound (415 mg). MS (FAB+) m/e 783 (M+H)+. 
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Example 165B 

Benzvl Ma.2B.3B.4«Vl.2-DirN-p ropvl-N-f4-phenoxvben2vhaminocarbonvll-a- 
f5-QXO-4.5-dihvdro-ri.3.41oxadiazol-2.vncvclobutane.A.ftarhnYyl a t fi 
5 To toluene (0.5 mL) cooled to 0 °C was added a 1 .93 M solution of 

phosgene in toluene (0.087 mL, 0.17 mmol) followed by a solution of the 
compound resulting from Example 165A (125 mg, 0.16 mmol) in toluene (1 mL) 
added dropwise. After 1 hour, the bath was removed, and the reaction was 
heated under reflux for 5 hours. The reaction was then cooled to room 
10 temperature, concentrated, and purified by chromatography eluting with 65:35 
hexane-EtOAc to give the title compound (70 mg, 54%). MS (FAB+) m/e 809 
(M+H)+. 

Example 165C 

15 (1g.2B.3B.4(x)-1.2-DirN-propvl-N-r4-ph enoxvbenzynaminocarbonvn-3-f5-oxn- 
4.5-dihvdro-f 1 .3.41oxadiazol-2-vncycl obutana-4-carboxvlic acid 
Using the compound resulting from Example 165B, the title compound 
was prepared by the method Example 164D. 1H NMR (DMSO-d 6 ) 8 7.39, 7.28, 
7.13, 7.00 (all m, total 18H), 4.75 (m, 2H), 4.35-3.90 (envelope, 5H), 3.72 (m, 
20 1 H), 3.68-3.1 5 (envelope, 2H), 3.05-2.55 (envelope, 2H), 1 .50, (m, 4H), 0.83, 
0.73 (both m, total 6H). MS (FAB+) m/e 719 (M+H)+. Anal cald for 
C41H42N4O8: C, 68.51 ;H, 5.89; N, 7.79. Found: C, 68.1 1 ; H, 5.81 ; N, 7.58. 
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Example 166 
g a.2B.3B.4cri-1 .2-DirN-DroDvl-N-M- 
phenoxybenzyhaminocarbonvncvclobutane-3-rN- 
methanesulfonvhcarboxamido-4-carboxvlic acid 

5 

Example 166A 

Benzvl M «.2B.3B.4nd-1 .2-DifN-proDvl-N-f4- 
phenoxvbenzvhaminocarbonvncvclobutane-3-m- 
methanesulfonyncarboxamido-4-carboxylate 
10 To the monoacid resulting from the first part of Example 164A (80 mg, 

0.10 mmol) dissolved in THF (1 mL) was added carbonyldiimidazole (18 mg, 
0.1 1 mmol). The reaction mixture was warmed at 45 °C for 3 hours and then 
cooled to room temperature. Methanesulfonamide (10 mg, 0.10 mmol) and 
1,8-diazabicyclo[5.4.0]undec-7-ene (0.016 mL, 16 mg, 0.11 mmol) were added, 
15 and the reaction was stirred at room temperature overnight. The reaction was 
diluted with EtOAc, washed with 3x with 1 M H3PO4 and brine, dried over 
Na2S04, filtered and concentrated. The resulting crude residue was purified 
by chromatography eluting with 2% methanol in CHCI3 to give the title 
compound (56 mg, 64%) as a mixture of diastereomers. MS (FAB-) m/e 844 
20 (M-H)- . 

Example 166B 
(J a.2B.3B.4«M .2-DirN-propyl-N-M- 

phenoxybenzyhaminocarbonyllcvclobutane-3-rN- 
25 methanesulfonyhcarboxamido-4-carboxylic acid 

Using the compound resulting from Example 166A, the title compound 
was prepared by the method Example 164D. 1 H NMR (DMSO-d6) 5 7.39, 7.28, 
7.15, 6.97, 6.86 (all m, total 18H), 5.05, 4.70 (both m, total 4H), 4.40-3.35 
(envelope, 6H), 3.25 (m, 1H), 3.05-2.65 (envelope, 1H), 1.47 (m, 4H), 0.80 (m, 
30 6H). MS (FAB+) m/e 756 (M+H)+. Anal cald for C41H45N3O9S • 0.75 H 2 0: C, 
64.00; H, 6.09; N, 5.46. Found: C, 64.03; H, 5.95; N. 5.37. 
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Example 167 
na.2B.3B.4^-1.2-DirN.nmnvl.N-M. 

Phenoxvbenzvnaminocarbonvncvclobut ane-3-r4.6-dioxo-tetrahvdropyran-9- 

vn-4-carboxylin aniri 



Example 167A 

Benzyl f 1 tt,2fi,3B,4ff)-1 .2-DirN-proDVl-N-r4-phenoxvben2 V n a m inocarbnnylH. 
hvdroxvmethyl-nynlnhnt gne-3-carbQxylate 
Using the monoacid resulting from the first part of Example 164A, the 
title compound was prepared by the method of Example 70A. MS (DCI/NH 3 ) 
m/e 755 (M+H) + . 

Example 167B 

f1g.2B.3B.4a)-1.2-DirN-propvl-N.r4-ph e noxvben7vh a minocarbonyl]-a- 
benzvloxvcarbonvlcycln butane-4-carboxvaldehyde 
Using the compound resulting from Example 167A, the title compound 
was prepared by the method of Example 71A. MS (DCI/NH3) m/e 753 (M+H) + . 

Example 1670 

Penzyl (1 ff,2fl,3B.4(X)-1 .2-PirN-ProPVl-N-f4-phenQxvb e n7y n aminocarhf>nyl1-a. 

f2-(2,2-dim9thvl-6-pxo-6H-f1.31dioxin-4-vn-1-h V drQx V6 thvnnv c lobutan 6 -3- 

carboxvlate 

To THF (1 mL) cooled to -70 °C was added a 1 .5 M solution of LDA in 
cyclohexane (0.24 mL, 0.36 mmol) followed by 1 ,3-dimethyl-3,4,5,6-tetrahydro- 
2(1H)-pyrimidone (0.088 mL, 93 mg, 0.73 mmol). The solution was stirred at 
-70 °C for 30 minutes, and then 2,2,6-trimethyl-4H-1,3-dioxin-4-one (0.44 mL, 
48 mg, 0.34 mmol) was added. After stirring at -70 °C for 30 minutes, a solution 
of the compound resulting from Example 167B (125 mg, 0.17 mmol) in THF 
(0.5 mL) was added dropwise. The reaction was warmed to 10 °C over 3 hours 
and then poured into 1 M HCI and extracted with Et 2 0. The organic layer was 
washed with water and brine, dried over Na2S0 4 , filtered and concentrated. 
The resulting crude residue was purified by chromatography eluting with 65:35 
hexane-EtOAc followed by 50:50 hexane-ethyl acetate to give 62 mg of the 
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less polar diastereomer and 25 mg of the more polar diastereomer (total of 87 
mg, 57%). MS (FAB+) m/e 895 (M+H)+ (for both diastereomers). 

Example 167D 

5 na.2B.3B.4a)-1.2-DirN-DroDvl-N-/4. 

phenoxvben2Vl>aminocarbonvncvclobutan9-3 -f4.6-dioxo-tetrahvdropvran.9- 

vn-4-carboxvlic acid methvl ester 
To the less polar diastereomer resulting from Example 167C (60 mg, 
0.067 mmol) dissolved in MeOH (0.25 mL) was added K2CO3 (15 mg, 
10 0.091 mmol), and the reaction was stirred at room temperature overnight. The 
reaction was diluted EtOAc, washed with 1 M H3PO4 and brine, dried over 
Na2S04, filtered and concentrated. The resulting crude residue was purified 
by chromatography eluting with 1:1 hexane-ethyl acetate followed by 3% 
methanol in chloroform to give the title compound (30 mg, 59%). MS (FAB+) 
15 m/e 761 (M+H)+. 

Example 167E 
f1a.2B.3B.4a)-1.2-DifN- D roDvl-N-f4- 
Phenoxvben2vnaminocarbonvllcvclobutane-3.f 4.6-dioxo-tetrahvdropvran-p. 
20 vh-4-carboxylic acid 

Using the compound resulting from Example 167D, the title compound 
was prepared by the method of Example 92B, except the reaction was stirred at 
room temperature overnight, and there was no chromatography. 1 H NMR 
(DMSO-d 6 ) 5 7.39, 7.25, 7.12, 6.97, 6.90 (all m, total 18H), 4.90, 4.77 (both m, 
25 total 2H), 4.60-3.90 (envelope, 4H), 3.60-3.20 (envelope, 5H), 3.05, 2.70, 2.45, 
2.15 (all m, total 4H), 1 .60, 1 .40 (both m, total 4H), 0.85, 0.78 (both m, total 6H). 
MS (FAB+) m/e 747 (M+H)+. Anal cald for C44H46N2O9 • 1 .20 H 2 0: C, 68.77; 
H, 6.35; N, 3.65. Found: C, 68.75; H, 6.08; N, 3.52. 



WO 96/34850 



-210- 



PCT/US96/06156 



Example 168 
( 1 a.2B.3B.4« M ^-DirrN-methvl-N-m^-re-pmpyl-d- 

Phenoxvbenzvl)aminocarbonvncvc»obutane.3.4-ril carboxvl}c acid 

Example 168A 

f4$.5R)-3-f2-f4-PhenoxvDhenvnacetyi^ - 4-methvl.S-phenvl-1.3-Qxa7olirii n -p- 

one 

To a solution containing 4-phenoxyphenylacetic acid (10.0 g, 43.8 
mmol) in THF (62.6 mL) at -78 °C was added pivaloyl chloride (5.49 g, 45.6 
mmol) followed by triethylamine (4.61 g, 45.6 mmol). The mixture was stirred at 
-78 °C for 15 minutes, at 0 °C for 1 hour, and then recooled to -78 °C. In a 
separate flask, 2.5 M n-butyllithium (20 mL, 50 mmol) was added to a solution 
of (4S,5R)-(-)-4-methyl-5-phenyl-2-oxazolidinone (8.86 g, 50 mmol) in THF 
(100 mL) at -78 °C. This mixture was stirred for 15 minutes and then 
transferred to the flask containing pivalic anhydride via cannula. The mixture 
was stirred for 15 minutes at -78 °C then at room temperature for 18 hours. The 
solvent was removed, and the residue was partitioned between diethyl ether 
(500 mL) and 1 N HCI (500 mL). The organic layer was dried (MgS0 4 ), filtered 
and concentrated to provide a light yellow solid. The solid was 
chromatographed with 10% ethyl acetate in hexane to yield 10.9 g (64%) of the 
title compound as a white solid. 

Example 168B 

(4S,5R)-3-f f4R)-4-( 1 -(4-Phenoxvphenvnbut-1 -en-4-vll-4-m ethvl-5-phenyi-i , 3. 

oxazolidin-2-one 

A solution of the compound resulting from Example 168A (3 g, 7.4 mmol) 
in THF (25 mL) at -78°C was added via cannula toa 1 M solution of 
NaN(Si(CH 3 )3)2 in THF (10 mL, 10 mmol) at -78 °C. After 1 hour* allyl iodide 
(2.5 g, 15 mmol) in THF (5 mL) at -78 °C was added via cannula to the cold 
enolate solution. After 6 hours, the reaction was quenched with saturated 
ammonium chloride solution and extracted with diethyl ether. The combined 
organic extracts were dried (MgS0 4 ), filtered and concentrated to provide a 
yellow oil. Chromatography of the oil eluting with ethyl acetate/hexane 
provided 2.65 g (84%) of the title compound as a colorless oil. 
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Example 168C 
f4m-4-(4-PhenoxvDhenvn-1 - pentenoic acid 
A solution of the compound resulting from Example 168B in THF and 
5 water was treated with 30% aqueous hydrogen peroxide followed by 1 M 
aqueous lithium hydroxide. After 2 hours, the THF was removed under 
reduced pressure, and the aqueous layer was extracted with CH2CI2. The 
aqueous layer was then acidified to pH 0 with 6 N HCI and extracted with 
diethyl ether. The combined ether extracts were dried (MgSC>4), filtered and 
10 concentrated to provide the title compound as an oil which was used without 
further purification. 

Example 168D 
f4RM-(4-Phenoxvphen vnDentanoic acid 
15 A solution of the compound resulting from Example 168C (1 .4 g, 5.2 

mmol) in ethyl acetate (17 mL) was hydrogenated over 18 hours using a 
palladium on carbon catalyst (150 mg). The solution was filtered through celite 
and concentrated to provide 1.41 g (100%) of the title compound as a colorless 
glass. 

20 

Example 168E 

f1R^N-Methoxvcarbonvl-N-f1-f4-p henoxyphenyhbutvl)amine 
The compound resulting from Example 168D (1.4 g, 5.2 mol), 
diphenylphosphoryl azide (1.58 g, 5.7 mmol) and triethylamine (1.1 g, 10.4 
25 mmol) were wanned to 83 °C in toluene for 2 hours. Methanol (30 mL) was 
added, and the solution was stirred an additional 18 hours. All volatiles were 
removed, and the residue was chromatographed on silica gel eluting with 15% 
ethyl acetate in hexane to provide 1.47 g (94%) of the title compound as a 
white solid. 
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Example IfiftF 
nR^-N-Methvl-N-n-^4-phft noxvDhenvhhutv»amine 
The compound resulting from Example 168E (1.0 g, 3.3 mmol) in THF 
(10 mL) was treated with 1 M lithium aluminum hydride in THF (6.6 ml_). The 
solution was refluxed for 4 hours, cooled to 0 °C, quenched with Na 2 S0 4 , 
filtered through celite and concentrated to provide 841 mg (99%) of the title 
compound as a colorless oil which was used directly in the next step. 

Example 168G 

(t)-(1 rc,2ft , 3 | ?,4ff)-1 ,2-Pirhenzvloxvcarhonvncvclobutan e -3.4-diMrhnY y ijn m \ri 
To a solution of 1,2,3,4-cyclobutanetetracarboxylic anhydride (21 g, 

107.1 mmol) in acetonitrile (530 mL) at -7.5 °C was added benzyl alcohol (70 
mL, 680 mmol) all at once. Triethylamine (30 mL, 210 mmol) was added 
dropwise over 3-5 minutes and the temperature rose to 2.8 °C. 
Dimethylaminopyridine (1.3 g, 10.6 mmol) was added and the temperature 
returned to -5 °C. The reaction mixture was stirred for 18 hours at which time 
the internal temperature was 9.2 °C and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate (1 L) and washed with 2 M HCI (2 x 375 
mL). The product was then extracted into saturated NaHC0 3 solution (2 x 375 
mL). The aqueous solution was allowed to stand at ambient temperature and 
then was cooled in a refrigerator overnight. The solid was collected and 
washed with cold saturated NaHC0 3 solution (200 mL) and then was 
dissolved in water (500 mL), acidified with 2 M HCI (375 mL) and extracted into 
ethyl acetate (2 x 375 mL). The combined organic extracts were washed with 
brine, dried over sodium sulfate and concentrated in vacuo to afford 
(1 cc,2p,3p\4a)-1 .2-di(benzyloxycarbonyl)cyclobutane-3,4-dicarboxylic acid 
(25.65 g, 58%) as a white solid, m.p. 164.5-165.5 °C. 

To the above prepared compound (1 .0 g, 2.4 mmol) dissoved in 
absolute EtOH (45 mL) was added a solution of (-)-norephedrine (0.74 g, 4.9 
mmol) in absolute EtOH (5 mL). The solution was allowed to sit at room 
temperature overnight. The resultant crystals were filtered and then 
recrystallized twice from hot absolute EtOH (4.5 mg/mL), then partitioned 
between 1 M H3PO4 and Et 2 0. The Et 2 0 layer was washed with brine, dried 
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over Na2S04, filtered and concentrated to give the title compound. [oc]d = 
+17.3° (c = 0.92, MeOH). 



5 Example 168H 

(±HJ <x.2B.3B.4a)-1 .2-DiKN-methvl-N-rm-«- P ropvl.4. 
phenoxvbenzvnaminocarbonvncvclobutane-3. 4-dicarfaoxylic acid dibenzyl 

ester 

A solution of the compound resulting from Example 168G (85.2 mg, 0.21 
10 mmol) in CH2CI2 (1 ml_) was treated with oxalyl chloride (58.6 mg, 0.46 mmol) 
and DMF (1 drop). After 2 hours, all volatiles were removed, and the residue 
was chased with toluene (2x5 ml_), redissolved in CH2CI2 (5 mL) and added 
dropwise to a slurry of the compound resulting from Example 168F (149 mg, 
0.62 mmol) and NaHC03 (1.04 g, 12.4 mmol) in H 2 0 (2 mL). After 18 hours, 
15 the layers were separated, and the organic phase was dried over MgSC>4, 
filtered, concentrated and chromatographed eluting with 1:1 ethyl acetate- 
hexane to provide 138 mg of the title compound as a colorless glass. 

Example 1681 

20 ( +U 1 tt .2B.3B.4ort-1 .2-Dirf N-me thvl-N-fm-tt-propvl-4. 

phenoxvbenzvhamlnocarbonvncvclobutane-3.4-dic arboxvlic acid 
The compound resulting from Example 168H (130 mg, 0.15 mmol) and 
palladium on carbon (33 mg) were stirred in ethyl acetate (5 mL) under "a 
hydrogen atmosphere for 18 hours. The mixture was filtered through celite and 
25 concentrated to provide 97 mg (94 %) of the title compound as a white solid. 
1 H NMR (CDCI3. 300 MHz) 5 0.9-1.0 

(m, 7 H), 1.1-1.4 (envelope, 7 H), 1.7-2.0 (m, 5 H), 3.3-3.6 (m, 3 H), 3.9-4.1 (m, 2 

H), 5.5-5.7 (m, 2 H), 6.9-7.1 (m, 8 H), 7.15-7.2 (m, 2H), 

7.21-7.41 (m, 8 H), 12.4-12.8 (br s, 2H). MS (FAB) m/e 707 (M+H)+. 



30 
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Example 169 
f 1 g.2B.3B.4a)-1 ^-DirNI-rsu^ ecubutvl-M-M. 
pJl£i-?xvbenzvl)aminocarbonvnny clobutanft.a 4-dicarfaoxv lir »hh 

Example 1RQA 
N-frSVse^Butvn-N-^-phfl nQxvbenyynan^j pft 
4-Phenoxybenzaldehyde (8.13 g, 41 mmol) and (S)-sec-butylamine (3 
g, 41 mmol) were dissolved in methanol (137 mL) under a nitrogen at room 
temperature. Sodium cyanoborohydride (2.58 g) was added, and stirring was 
continued for 18 hours. The solvent was removed, and the residue was 
suspended in ether, washed with brine and dried over Na 2 S0 4 . The ether wai 
evaporated, and the crude product was chromatographed on silica gel eiuting 
with 3% methanol in methylene chloride to provide 7.24 g (77%) of the title 
compound as a colorless oil. 



Example IfiQft 
(3 g.2B.3R.4«V1 P-nifM .rs^-seoh.it V l-M-(A. 

phenoxvbenzvl)aminocarbonvnRvnlnhutane-a 4-rii^ rboxvlie arid 
A slurry of 1,2,3,4-cyclobutanetetracarboxylic dianhydride (457 mg, 2.33 
mmol) in acetonitrile (9 mL) under a nitrogen atmosphere at room temperature 
was treated with a solution of the compound resulting from Example 169A 
(1.19 g, 4.7 mmol) in acetonitrile (8 mL). The resulting suspension was 
refluxed for 15 hours. The solvent was evaporated, and the residue was 
chromatographed on silica gel eiuting with 98:1:1 chloroform-methanol-acetic 
acid to provide a wet foam. The foam was dissolved in acetonitrile, triturated 
with water, and lyophilized to provide 609 mg (36%) of the title compound as a 
white powder. 1H NMR (CDCI3, 300 MHz) 8 0.8-1.6 (envelope, 18 H), 3.4-4.6 
(envelope, 8 H), 6.8-7.45 (envelope, 18 H), 12.4 (br s, 2H). MS (FAB)'m/e 707 
(M+H)+ 
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Example 170 
(1 oc.2B.3B.4^-1 .2-DirN-(RVseo-butyl-N-r4- 
phenoxvbenzvhaminocarbon vl1cvclobutane-3.4-dicarboxvlic acid 

Example 170A 
N-fm)-seobutvn-N-f4-Dhenoxvben2vhaminft 
4-Phenoxybenzaldehyde (8.13 g, 41 mmol) and (R)-seobutylamine (3 g, 
41 mmol) were dissolved in methanol (137 mL) under nitrogen at room 
temperature. Sodium cyanoborohydride (2.58 g) was added, and stirring was 
continued for 18 hours. The solvent was removed, and the residue was 
suspended in ether, washed with brine and dried over Na2S04. The ether was 
evaporated, and the crude product was chromatographed on silica gel eluting 
with 3% methanol in methylene chloride to provide 8.0 g (77%) of the title 
compound as a colorless oil. 

Example 170B 
(1a.2B.3B.4a)-1.2-DifN-fRVse ( >butvl-N-(4- 
phenoxvbenzvnaminocarbonvncvclobutane-3.4- dicarboxvlic acid 
A slurry of 1,2,3,4-cyclobutanecarboxylic dianhydride (457 mg, 2.33 
mmol) in acetonitrile (9 mL) under nitrogen at room temperature was treated 
with a solution of the compound resulting from Example 170A (1.19 g, 4.7 
mmol) in acetonitrile (8 mL). The resulting suspension was refluxed for 15 
hours. The solvent was evaporated, and the residue was chromatographed on 
silica gel eluting with 98:1:1 chloroform-methanol-acetic acid to provide a wet 
foam. The foam was dissolved in acetonitrile, triturated with water, and 
lyophilized to provide 610 mg (37%) of the title compound as a white powder. 
1 H NMR (CDCI3, 300 MHz) 8 0.6-1.6 (envelope, 18 H), 3.4-4.6 (envelope, 8 H), 
6.8-7.45 (envelope, 18 H), 12.4 (brs, 2H). MS (FAB) m/e 707 (M+H)+ 

Example 171 

(Ig^B.SB^-l^-DirN-propvl-N-^-phenoxvbenzvhaminocarbonyll-s- 
(methoxvacetvncvclobutane-4-acetic acid 
Using the compound resulting from Example 103A, the title compound 
was prepared by the method of Example 95 (starting with the second 
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sentence). -»H NMR (DMSO-d 6 ) 8 7.39, 7.28, 7.13, 6.95 (all m, total 18H), 4.68 
(m, 2H), 4.22 (m, 2H), 3.95 (m, 2H), 3.60, 3.58, 3.49, 3.47 (all s, total 3H), 3.50, 
3.25, 3.00, 2.65, 2.40 (all m, total 10H), 1.50, (m, 4H), 0.83, 0.76 (both m, total 
6H). MS (FAB+) m/e 721 (M+H)+. Anal cald for C43H48N2O8 • 0.5 H 2 0: C, 
5 70.76; H, 6.77; N, 3.84. Found: C, 70.90; H, 6.58; N, 3.84. 

Example 172 

(1g.2B,3B.4a)-1.2-nirN-prODVl-N-r4-ph6noxvben 7vnaminocarhonvn-3-m-nYn. 
4,5-djhvdro-ri.3.41-oxadiazol-2-vlm6thy ncvclobutflnft^.acetic acid 

10 

Example 172A 

(1a.2B.3B.4^-1.2-DifN-propyl-N-r4-phenox ybenzvhaminocarbonvl]-3. 
(benzvloxvcarhnnY|methvncvclo butane-4-acetin aniri 
To the compound resulting from Example 103B (1.0 g, 1.5 mmol) 
15 dissolved in 1:1 THF-DMF (100 ml_) was added EDCI • HCI (282 mg, 1 .5 
mmol) and DMAP (90 mg, 0.7 mmol). After cooling to -78 °C, benzyl alcohol 
(0.15 mL, 156 mg, 1.4 mmol) was added. The reaction was stirred at -78 °C, 
allowed to come to room temperature overnight, stirred another day at room 
temperature, and then the reaction was heated at 60 °C for 3 days. After 
20 concentrating, the residue was partitioned between EtOAc and 1 M H3PO4. 
The organic layer was washed with brine, dried over Na 2 S0 4 , filtered and 
concentrated to a crude residue which was purified by chromatography eluting 
with 1:1 hexane-EtOAc followed by 5% methanol in chloroform to give the title 
compound (160 mg, 14%). MS (FAB+) (M+H)+ 797. 

25 

Example 172B 

(1g,2B.3B.4ff)-1.2-DirN-ProPvl-N-f4-phenoxvbenyy naminocarbonyn-3.f5-oyn- 
4.5-dihvdro-ri.3.4T-oxadiazol-2-ylmeth vhcvclobiitane-4-acetic aniri 
The compound resulting from Example 172A was treated by the 
30 procedures described in Example 1 65A to give (1 a,2p,3p,4cc)-1 ,2-di[N-propyl- 
N-(4-phenoxybenzyl)aminocarbonyl]cyclobutane-3- 
(hydrazinocarbonylmethyl)-4-acetic acid benzyl ester. MS (FAB+) (M+H)+ 
811. 
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The hydrazinocarbonylmethyl compound prepared above was treated 
by the procedures described in Example 165B to give (1a,2p,3p,4a)-1,2-di[N- 
propyl-N-(4-phenoxybenzyl)aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]- 
oxadiazol-2-ylmethyll)cyclobutane-4-acetic acid benzyl ester. MS (FAB+) 
5 (M+H)+837. 

The benzyl ester prepared above was treated by the procedures 
described in Example 165C to give the title compound. 1H NMR (DMSO-d 6 ) 5 
7.39, 7.24, 7.13, 6.96 (all m, total 18H), 4.70 (m, 2H), 4.22 (m, 2H), 4.00 (m, 2H), 
3.50, 3.30, (both m, total 4H), 3.00 (m, 1H), 2.63 (m, 2H), 2.40, 2.35, 2.16 (all m, 
10 total 3H), 1 .50, (m, 4H), 0.83, 0.77 (both m, total 6H). MS (FAB+) (M+H)+ 747. 
Anal cald for C43H46N4O8: C, 69.15; H, 6.21; N, 7.50. Found: C, 68.79; H, 
6.11; N, 7.31. 

Example 173 

15 na.2B.3B.4«>-1.2-DirN-proDvl-N-r4-ph enoxvbenzvhaminocarbonvl]-3-f2- 

hvdroxvethvhcvclobutan e-4-acetie acid 
Using the compound resulting from Example 171, (1a,2B,3B,4a)-1,2- 
di[N-propyl-N-(4-phenoxybenzyl)aminocarbonylJ-3-(2- 
hydroxyethyl)cyclobutane-4-acetic acid methyl ester was prepared by the 
20 method of Example 70A. MS (DCI/NH3) m/e 707 (M+H)+ 

Using the methyl ester prepared above, the title compound was 
prepared by the method of Example 72C, except chromatography was not 
needed. NMR (DMSO-d 6 ) 8 7.39, 7.26, 7.15, 6.98 (all m, total 18H)f4.70 
(m, 2H), 4.22 (m, 2H), 3.93 (m, 2H), 3.60-3.10 (envelope, 5H), 3.00 (m, 1H), 
25 2.68 (m, 1 H), 2.30 (m, 3H), 1 .50, (m, 6H), 0.83, 0.78 (both m, total 6H). MS 

(FAB+) m/e 693 (M+H)+. Anal cald for C42H48N2O7: C, 72.81 ; H, 6.98; N, 4.04. 
Found: C. 72.53; H, 7.09; N, 4.04. 
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Example 174 

(1ff,2B,3B,4«)-1.2-DirN-Dropvl.N-r4-Phenoxvben?vna m inocarbonyll..q.( 9.nvA. 

ethvncvclobutane-4-acetic arid 
The compound resulting from the first paragraph of Example 173 was 
treated by the procedures described in Example 71A to give methyl 

(1a,2p,33,4a)-1,2-di[N-propyl-N-[4-phenoxybenzyl]aminocarbonyl]-3-(2-oxo- 
ethyl)cyclobutane-4-acetic acid. MS (DCI/NH 3 ) m/e 705 (M+H)+. 

Using the methyl ester prepared above, the title compound was 
prepared by the method of Example 72C." NMR (DMSO-d 6 ) 5 9.61, 9.45 
(both m, total 1H), 7.39, 7.24, 7.15, 6.98 (all m, total 18H), 4.67 (m, 2H), 4.20 (m, 
2H), 3.98 (m, 2H), 3.50 (m, 1 H), 3.23, 3.20, 3.07, 3.00 (all m, total 3H), 2.80- 
2.10 (envelope, 6H), 1.50, (m, 6H), 0.83, 0.78 (both m, total 6H). MS (FAB+) 
m/e 691 (M+H)+. Anal cald for C42H46N2O7 • 0.4 H 2 0: C, 72.28; H, 6.80; N, 
3.94. Found: C, 72.27; H, 6.76; N, 4.01. 

Example 175 

(1g.2B,33,4otVl.P-nifN-propvl-N-r4. p henQxyben7vnaminocarhnnyl]-a.( fi. 
tetra2olvlmethyl)Ry olobutane-4-aRRtifi anj ri 
The compound described in the first paragraph of Example 174 was 
treated by the procedures described in Example 71 B to give (1a,2p,3p,4a)-1,2- 
di[N-propyl-N-[4-phenoxybenzyl]aminocarbonyl]-3-(2- 

hydroxyiminoethyl)cyclobutane-4-acetic acid methyl ester. MS (DCI/NH3) m/e 
720 (M+H)+ 

The hydroxyimino compound prepared above was treated by the 
procedures described in Example 72A to give (1a,2p,3p,4<x)-1,2-di[N-propyl-N- 

[4-phenoxybenzyl]aminocarbonyll-3-cyanomethylcyclobutane-4-acetic acid 
methyl ester. MS (DCI/NH3) m/e 702 (M+H)+. 

The nitrile prepared above was treated by the procedures described in 
Example 72B to give (1a,2p,3p,4a)-1,2-di[N-propyl-N-[4- 

phenoxybenzyl]aminocarbonyl]-3-(5-tetrazolylmethyl)cyclobutane-4-acetic acid 
methyl ester. MS (DCI/NH3) m/e 745 (M+H)+ 

The methyl ester prepared above was treated by the procedures 

described in Example 72C to give the title compound. 1H NMR (DMSO-d 6 ) 8 

7.39, 7.24, 7.15, 6.98 (all m, total 18H), 4.67 (m, 2H), 4.23 (m, 2H), 4.05 (m, 2H), 
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3.52 (m, 1H), 3.30, 3.00, 2.80,2.35, 2.20 (all m, total 9H), 1.50, (m, 6H), 0.85, 
0.77 (both m, total 6H). MS (FAB+) m/3 731 (M+H)+. Anal cald for 
C42H46N6O6 • 0.65 H 2 0: C, 67.93; H, 6.42; N, 1 1.32. Found: C, 67.92; H, 
6.41; N, 11.25. 

5 

Example 176 

n(x,2B,3B,4(y)-1.2-PirN-PrOPVl-N-(4-phenoxvbenzvl^minocarbnnyll.a. 
benzvloxvcarbonvlcvclobutane- 4-carboxylic acid 
To the compound resulting from Example 123B (22.25 g, 25.90 mmol) in 
10 tetrahydrofuran (220 mL) at 0 °C was added LiOH monohydrate (1 .092 g, 
26.02 mmol). The cooling bath was removed, and the mixture was stirred at 
ambient temperature for 14 hours. The reaction was quenched with 2 M HCI 
(50 mL), concentrated, and diluted with ethyl acetate. After washing with brine, 
the organic layer was dried over Na2S04 and evaporated. Chromatography of 
15 the residue on silica gel with ethyl acetate in hexane and methanol in 

chloroform mixtures afforded 3.65 g (18%) of the title product as a foam. HH 
NMR (CDCI3. 300 MHz) 8 7.40-6.80 (m, 23H), 5.22-5.02 (m, 2H), 1.65-1.30 (m, 
4H), 0.92-0.72 (m, 6H). Anal calcd for C47H48N2O8: C, 73.42; H, 6.29; N. 3.64. 
Found: C, 73.22; H, 6.14; N, 3.58. 

20 

Example 177 

(1«.2B.3B.4a)-1.2-DirN-propvl-N-r4-phenQxvbe nzvhaminocarbonvn.3-fN.N- 
diethvlaminocarbonvlmethoxvcarbonvhcvclpb utane.4-carboxvliR #r.\rt 

25 Example 177A 

(1a.2B.3B.4aV1.2-DirN-propvl-N-r4-phenoxyhe nzvnaminocarbonvn-3-rN.N- 
diethvlaminocarbonylmethoxycarbonyncycl obutane-4-carboxvlic acid ben7yl 

ester 

The resultant compound from Example 176 (65.0 mg, 0.0845 mmol), 
30 DMAP (13.0 mg, 0.106 mmol) and glycolic acid diethyl amide (24.3 mg, 0.185 
mmol) in dimethylformamide (0.8 mL) were treated with 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (23.0 mg, 0.120 
mmol). After 20 hours, the mixture was diluted with ethyl acetate and washed 
sequentially with 2 M HCI, saturated NaHC03 solution, and brine, and then 
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was dried over Na 2 S0 4 and evaporated. Chromatography of the residue on 
silica gel- with 40% ethyl acetate in hexane afforded 40.0 mg (54%) of the title 
compound as an oil. 

Example 177B 

(1g,2B.3B.4tt)-1.2-DirN-nro P vl-N.f4.Dhflnft x vbenzvh a minncarbonvn.a-(Nf^i. 
diethvlaminocarhonvlmethoxvftar honvhcvGlnhiitane-4-carhnYY lir 
The resultant compound from Example 177A (37.5 mg, 0.0425 mmol) 
and 1 0% Pd/C (35 mg) in ethyl acetate were stirred under a hydrogen 
atmosphere for 2 hours. The mixture was filtered and evaporated to afford 30.9 
mg (92%) of the title compound as a foam. "«H NMR (CDCI3, 300 MHz) 8 7.37- 
6.96 (m, 18H), 1.67-1.39 (m, 4H), 1.30-1.03 (m, 6H), 0.92-0.72 (m, 6H). Anal 
calcd for C46H53N3O9: C, 69.77; H, 6.74; N. 5.30. Found: C, 69.53; H, 6 62- N 
5.21. ' ' 

Example 17fi 

(lOc^B^P^^-l^-DirN-nropvl-N-^-phfin o xvbenzyhaminocarbonyll-^-f inHan. 
5-vloxvcarhnn V hnyrln hutane-4-carhoxvlic acid 

Example 178A 
1 1 g.2B.3R.4^-1 P-nifM-pmpyi-^- 

phen0XYhen7vnaminncarbonvnc V nl» butane.3-hftn7ylo Xvca rhnnyl.4. 

carboxylat e lndan-5-nl Fster 
The resultant compound from Example 176 (75.0 mg, 0.098 mmol), 
DMAP (15.0 mg, 0.123 mmol) and 5-hydroxyindane (37.0 mg, 0.276 mmol) in 
dimethylformamide (0.8 mL) were treated with 1-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (28.0 mg, 0.146 mmol). After 40 hours, the 
mixture was diluted with ethyl acetate and washed sequentially with 2 M HCI, 
saturated NaHC0 3 solution, and brine, and then was dried over Na 2 S0 4 and 
evaporated. Chromatography of the residue on silica gel with 20% ethyl 
acetate in hexane afforded 59.2 mg (68%) of the title compound as a tacky 
foam. 
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Example 178B 

f1«,2B.3B.4ff)-1.2-DifN-proDvl-N-r4-Dhenoxvben g V naminocarhonvn-3-nnrian. 
5-vloxvcarbonvhcvclQbutane-4- carboxvlic aniri 
The resultant compound from Example 178A (57.0 mg, 0.064 mmol) and 
5 10% Pd/C (40 mg) in ethyl acetate were stirred under a hydrogen atmosphere 
for 2 hours. The mixture was filtered and evaporated to afford 48.3 mg (94%) of 
the title compound as waxy solid. 1 H NMR (CDCI 3 , 300 MHz) 8 7.40-6.70 (m, 
22H), 2.15-1.98 (m, 2H), 1.66-1.40 (m, 4H), 0.98-0.74 (m, 6H). Anal calcd for 
C46H53N3O9: C, 74.04; H, 6.34; N. 3.52. Found: C, 73.85; H, 6.52; N, 3.39. 

10 

Example 179 

(tH1 g.2p,3B.4a)-1 .2-DifN-propvl-N-r trans. fr ans-3.7-dimethyt.9 , fi. 
octadignvl)aminocarbonvncvclobutane-a. 4-dicarboxvlic arid 

15 Example 179A 

N-Propionvl-N-r trans. frans-3.7-dime thvl-2.6-octadienyl)amine 
trans, frans-3,7-Dimethyl-2,6-octadienylamine and NaHC03 in water at 
room temperature were treated with propionyl chloride in CH 2 CI 2 . After 18 
hours, the layers were separated and the CH2CI2 layer was dried (MgSO^, 
20 filtered and concentrated to provide a residue which was chromatographed 
with 25% ethyl acetate/hexane to provide 1.87 g (91%) of the title compound as 
a colorless oil. 

Example 179B 

25 N-Proovl-N-f trans. f/ans-3 .7-dimethvl-2.6-octadienynaminfl 

The compound resulting from Example 179A in THF was treated with 1 
M LAH in THF. The solution was refluxed for 5 hours, cooled to 0 °C, 
quenched with Na2SO4-10 H2O, filtered through celite and concentrated to 
provide the title compound as an oil which was used directly in the next step. 
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Example 179C 

(+H1 a.2B.38.4ort-1 .2-DirN-propvl-N-^rans. frans-3.7-riirrmth y l.9 fi- 
octadienvhaminocarbonvl|cvclobutane-3.4- dicarboxvlic acid dibenzvl ester 
To a solution of the compound resulting from Example 123A (412 mg, 1 
5 mmol) in CH 2 CI 2 (3 mL) was added oxalyl chloride (279 mg, 2.2 mmol) 
followed by DMF (1 drop). After 2 hours, the solvent was removed, and the 
residue was chased with toluene (3x5 mL). The residue was redissolved in 
CH2CI2 (5 mL) and added dropwise to a slurry of the compound resulting from 
Example 179B (540 mg, 2.76 mmol) and NaHC0 3 (585 mg, 5.5 mmol) in water 
10 (10 mL). After 1 8 hours, the layers were separated and the CH 2 CI 2 layer was 
dried (MgS04), filtered, concentrated and chromatographed with 25% ethyl 
acetate in hexane to provide 600 mg (78%) of the title compound as a colorless 
oil. 

15 Example 179D 

(+H1 a.2B.3B.4od-1 .2-DirN-propvl-NI-f frans. /ra ns-3.7-dimethyl-2.6- 

octadienvnaminocarbonvncvclobutane-3 .4-dicarbQxvlic acid 
The compound resulting from Example 179C (575 mg, 0.75 mmol) in 
methanol (8 mL) was treated with 1 M LiOH in water (4 mL). After 18 hours, the 
20 solution was acidified to pH 1 with 1 Ji HCI and extracted with ethyl acetate (2 x 
20 mL). The combined extracts were dried (MgSC>4), filtered and concentrated 
to provide a residue which was chromatographed with 98:1:1 CHCteCHaOH: 
acetic acid to provide a colorless oil. ""H NMR (300 MHz, CDCI3) 8 0.8 (m, 6H), 
1.3-1.7 (m, 18H), 2.0 (m, 8H), 2.9 (m, 2H), 3.3 (m, 6H), 3.5 (m, 2H), 3.6-4.0 
25 (envelope, 6H), 5.1 (m, 4H), 12.5 (br s, 2H). MS (FAB) m/e 587 (M+H)+. 
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Example 180 

M-( 1 tt.2B.3B.4crt-1 .2-DifN-met hvl-N-(M SM -U-phenoxvphftnyh-l . 
ethvDaminocarbonvncvclobutane-S ^-dicarboyy lin an^ 

5 Example 180A 

(4$.5m-3-f2-(4-Phenoxvphenvl)ac9tvn-4-methvl-5-ph envM.3-ox a7 nliriin-9- 

one 

To a solution containing 4-phenoxyphenylacetic acid (10.0 g, 43.8 
mmol) in THF (62.6 mL) at -78 °C was added pivaloyl chloride (5.49 g, 45.6 

10 mmol) followed by triethylamine (4.61 g, 45.6 mmol). The mixture was stirred at 
-78° C for 15 minutes, at 0 °C for 1 hour, then recooled to -78 °C. In a separate 
flask, 2.5 M n-butyllithium (20 mL, 50 mmol) was added to a solution of 
(4S,5R)-(-)-4-methyl-5-phenyl-2-oxazolidinone (8.86 g, 50 mmol) in THF (100 
mL) at -78 °C, stirred for 15 minutes, then transferred to the flask containing 

15 pivalic anhydride via cannula. The mixture was stirred 15 minutes at -78 °C 
then at room temperature for 18 hours. The solvent was removed, and the 
residue was partitioned between diethyl ether (500 mL) and 1 £J HCI (500 mL). 
The organic layer was dried (MgSC>4), filtered and concentrated to provide a 
light yellow solid. The solid was chromatographed with 10% ethyl acetate in 

20 hexane to yield 10.9 g (64%) of the title compound as a white solid. 

Example 130P 

(4$.5R.2'S>-3-f2-f4-Phenoxvphenvnpropionyl )-4-methvl-fi-phflnyl--i i a. 

oxazolidin-2-one 

25 A solution of the compound resulting from Example 1 80A (3.0 g, 7.44 

mmol) in THF (26 mL) at -78 °C was added via cannula to a 1 M solution of 
NaN(Si(CH 3 )3)2 in THF (10 mL, 10 mmol) at -78 °C. After 1 hour, methyl iodide 
(10 g, 77.4 mmol) in THF (4.8 mL) at -78 °C was added via cannula to the cold 
enolate solution. After 6 hours, the reaction was quenched with saturated 

30 ammonium chloride solution and extracted with diethyl ether. The organic 
extract was dried (MgSCU), filtered and concentrated to provide a yellow oil. 
Chromatography of the oil with ethyl acetate-hexane provided 2.5 g (81%) of 
the title compound as a colorless oil. 



WO 96/34850 



-224- 



PCT/US96/06156 



Example 18QC 
(2Sl-2-f4-Phenoxvphenvnp ro P ionic acid 
A solution of the compound resulting from Example 180B (2.5 g, 6.3 
5 mmol) in THF (98 mL) and water (33 mL) was treated with 30% aqueous 

hydrogen peroxide (5.3 mL, 52 mmol) then 1 M aqueous lithium hydroxide (13 
mL, 13 mmol). After 2 hours, the THF was removed, and the aqueous layer 
was extracted with CH2CI2 (3 x 100 mL). The water layer was then acidified to 
pH 0 with 6 H HCI and extracted with diethyl ether. The ether was dried 
10 (MgS04), filtered and concentrated to provide the title compound as an oil (1 .5 
g, 99%) which was used without further purification. 

Example 180D 

( 1 S VM Methoxvcarbon vh-N-M -U-phenoxvpheny^ethvhamine 
15 The compound resulting from Example 180C (1.4 g, 5.8 mol), 

diphenylphosphoryl azide (1.76 g, 6.4 mmol) and triethylamine (1.2 g, 11.6 
mmol) were warmed at 83 °C in toluene for 2 hours. Methanol (20 mL) was 
added, and the solution was stirred an additional 18 hours. All volatiles were 
removed, and the residue was chromatographed on silica gel with 15% ethyl 
20 acetate in hexane to provide 1.51 g (96%) of the title compound as a pale 
yellow oil. 

Example 180E 
(1 S)-N-Methvl-N-f 1 -r4-phenoyY phenvhethynaminfl 
25 The compound resulting from Example 180D (432 mg, 1 .5 mmol) in THF 

(5 mL) was treated with 1 M lithium aluminum hydride in THF (3.2 mL). The 
solution was refluxed for 4 hours, cooled to 0 °C, quenched with sodium sulfate 
decahydrate, filtered through celite and concentrated to provide 344 mg (95%) 
of the title compound as a colorless oil used directly in the next step. 
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Example 180F 

(+y-f1a.2B.3B.4a)-1.2-DifN-methvl-N-aiSVl-r4-phenoxvDhenvh.1. 
ethvnaminocarbonvncvclobutane-3.4-dicarboxvlic acid dibenzvl ester 
A solution of the compound resulting from Example 168G (100 mg, 0.22 
5 mmol) in CH2CI2 (1 mL) was treated with oxalyl chloride (67 mg, 0.53 mmol) 
and DMF (1 drop). After 2 hours, all volatiles were removed, and the residue 
was chased with toluene (2x5 mL), redissolved in CH2CI2 (5 mL) and added 
dropwise to a slurry of the compound resulting from Example 180E (344 mg, 
1.2 mmol) and NaHC0 3 (1.04 g, 12.4 mmol) in H 2 0 (2 mL). After 18 hours, the 
10 layers were separated, and the methylene chloride was dried over MgS04, 
filtered, concentrated and chromatographed with 1:1 ethyl acetate-hexane to 
provide 121 mg of the title compound as a colorless glass. 

Example 180G 

15 (+H1a.2B.3B.4a>-1.2-DirN-methvl-N-ff1S^-1-f4-phenoxvDhenyl)-1. 

ethvnaminocarbonyncvclobutan e-3.4-dicarboxvlic acid 
The compound resulting from Example 180F (100 mg, 0.12 mmol) and 
palladium on carbon (33 mg) were stirred in ethyl acetate (5 mL) under a 
hydrogen atmosphere for 18 hours. The mixture was filtered through celite and 
20 concentrated to provide 71 mg (91 %) the title compound as a white solid. 1 H 
NMR (300 MHz CDCI3) 8 0.9-1.0 

(m, 4 H), 1.1-1.4 (envelope, 4 H), 1.7-2.0 (m, 3 H), 3.3-3.6 (m, 3 H), 3.9-4.1 (m, 2 

H), 5.5-5.7 (m, 2 H), 6.9-7.1 (m, 8 H), 7.15-7.2 (m, 2H), 

7.21-7.41 (m, 8 H), 12.4-12.8 (brs, 2H). MS (FAB) m/e 651 (M+H)+. 



25 
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Example 181 

(+H 1 a.2B.3B.4rxH .2-DifN-methyl -N-fn R^-1 -tt-phenoxvphenvh-l - 
butvl)aminocarbonvl1cy clobutane-3.4-dicarboxy lin aniri 

Example 1fi1A 

f4R.5S,2'R)^3-rP-f4-Phftnoxvphenvhp ent-4^nQyh-A.methvl-K-phpn Y l--f i 3. 

oxazolidin-2-onft 

A solution of the compound resulting from Example 180A (3 g, 7.4 mmol) 
in THF (25 mL) at -78 °C was added via cannula to a 1 M solution of 
NaN(Si(CH 3 ) 3 ) 2 in THF (10 mL, 10 mmol) at -78 °C. After 1 hour, allyl iodide 
(2.5 g, 15 mmol) in THF (5 mL) at -78 °C was added via cannula to the cold 
enolate solution. After 6 hours, the reaction was quenched with saturated 
ammonium chloride solution and extracted with diethyl ether. The organic 
extract was dried (MgS0 4 ), filtered and concentrated to provide a yellow oil. 
Chromatography of the oil with ethyl acetate-hexane provided 2.65 g (84%) of 
the title compound as a colorless oil. 

Example 181R 
(2R)-2-(4-Phenoxvnhenvhpentannin arid 
A solution of the compound resulting from Example 181 A was converted 
to (2R)-2-(4-phenoxyphenyl)-4-pentenoic acid by the procedures described in 
Example 180C. 

A solution of the pentenoic acid prepared above (1.4 g, 5.2 mmoT) in 
ethyl acetate (17 mL) was hydrogenated in the presence of palladium on 
carbon (150 mg) for 18 hours. The solution was filtered through celite and 
concentrated to provide 1.41 g (100%) of the title compound as a colorless 
glass. 

Example 1fi1H 

(+)-(1ft.2B.3B.4ff.)-1.2-nirN-methvl.N-rri R^i.r4-nh ft nnyy ph ft n Y i).i. 
butyDamin ocarbonvncvclobutane^^-dinarhnyy iir ariH 

The compound resulting from Example 1 81 B was treated by the 
procedures described in Examples 180D-G to provide 97 mg (94 % for the last 
step) of the title compound as a white solid. 1H NMR (300 MHz CDCI3) 5 0.9- 
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1.0 (m, 7 H), 1 .1-1.4 (envelope, 7 H), 1.7-2.0 (m, 5 H), 3.3-3.6 (m, 3 H), 3.9-4.1 
(m, 2 H),-5.5-5.7 (m, 2 H), 6.9-7.1 (m, 8 H), 7.15-7.2 (m, 2H), 7.21-7.41 (m, 8 H), 
1 2.4-1 2.8 (br s, 2H). MS (FAB) nVe 707 (M+H)+ 

5 Example 182 

(±H3 a.2B.3B.4aV1 .2-DirN-methvl-N-i 1 1 SV1 -M-DhenoxvphgnvH-l ■ 

butvhaminocarbonvncvclobutane-3.4-dicarboxvlic acid 
Following the procedures described in Example 181 but starting with the 
(4S,5R)-oxazolidinone described in Example 180A, the title compound (97 mg, 
10 94% for the last step) was prepared as a white solid. 1 H NMR (300 MHz 

CDCI 3 ) 8 0.9-1.0 (m, 7 H), 1.1-1.4 (envelope, 7 H), 1.7-2.0 (m, 5 H), 3.3-3.6 (m, 
3 H), 3.9-4.1 (m, 2 H), 5.5-5.7 (m, 2 H), 6.9-7.1 (m, 8 H), 7.15-7.2 (m, 2H),7.21- 
7.41 (m, 8 H), 12.4-12.8 (brs, 2H). MS (FAB) m/e 707 (M+H)+. 

15 Example 183 

f+VMa.28.3B.4^.1.2-DifN.((1 S^1-M-Dhenoxv D h e nyh.1. 
buMteminocarbonvl1cvclobutane-3.4-dicarboxvlic acid 

Example 133A 

20 (2S)-2-(4-Phenoxyphenyi)pentanoic acid 

A solution of (2S)-2-(4-phenoxyphenyl)-1-pentenoic acid (1.4 g, 5.2 
mmol), prepared by the procedures described in Example 181 but starting with 
the (4S,5R)-oxazolidinone described in Example 180A, in ethyl acetate~(17 
mL) was hydrogenated in the presence of palladium on carbon (150 mg) for 18 

25 hours. The solution was filtered through celite and concentrated to provide 
1.41 g (100%) of the title compound as a colorless glass. 

Example 183B 

(1 S)-N-Benzvloxvcarbonyl-N-M -(4-phenoxypheny nbutynamine 
30 The compound resulting from Example 183A (459 mg, 1.7 mmol), 

diphenylphosphoryl azide (515 mg, 1.9 mmol) and triethylamine (344 mg, 3.4 
mmol) were warmed at 83 °C in toluene for 2 hours. Benzyl alcohol (919 mg, 
8.5 mmol) was added, and the solution was stirred an additional 18 hours. All 
volatiles were removed, and the residue was chromatographed on silica gel 
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eluting with 15% ethyl acetate in hexane to provide 233 mg (37%) of the title 
compound as a white solid. 

Example 1830 
(1 S)-N-( 1 -(4-Phenoxvnhenvnbutylamjpo 
The compound resulting from Example 183B (229 mg, 0.66 mmol) in 
ethyl acetate (5 mL) was stirred for 18 hours under a hydrogen atmosphere, 
filtered through celite and concentrated to provide 149 mg (99%) of the title 
compound as a colorless oil which was used directly in the next step. 

Example 183D 
(+)-(1a.2».3R.4aA-1.2-DiffM-(MS) -1-f4-Phenoyy phar l Yf).f- 
butvhaminocarbonvl)cyHnhi jtanQ.3.4-dinarboxvlift aniri 
The compound resulting from Example 183C was treated by the 
procedures described in Examples 180F and 180G to give the title compound. 
High resolution MS calcd for C40H42N2O8: 679.3019. Found: 679.3015. 

Example 184 

(+H1 q.2B.3B.4«Vl .P-nirN-prom/l-KUH SM .r4.phftnnYy p^n YfH . 
butvl)aminocarbonvncvclnhiit a n e-3.4.dic a rhnyY iin 

Example 184A 
N-Propvl-N-(MS^-1-r4-phenn xvphenvhhntyl) a mino 

The compound resulting from Example 183C (74 mg, 0.31 mmol) and 
NaH0O 3 (260 mg, 3 mmol) in water (5 mL) at room temperature were treated 
with propionyl chloride (34 mg, 0.37 mmol) in CH 2 CI 2 (1 mL). After 18 hours, 
the CH2CI2 layer was drawn off, dried (MgS0 4 ), filtered and concentrated. The 
residue was chromatographed on silica gel with eluting with 15% ethyl acetate 
in hexane to provide 81 mg (88%) of N-propionyl-N-((1S)-1-(4- 
phenoxyphenyl)butyl)amine as a colorless oil. 

The butylamine prepared above (57 mg, 0.21 mmol) in THF (1 mL) at 
room temperature was treated with 1 M LAH in THF (0.42 mL). The solution 
was warmed to reflux for 4 hours, cooled to 0 °C and quenched with sodium 
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sulfate decahydrate. The slurry was filtered through celite and concentrated to 
provide 53 mg (99%) of the title compound as a colorless oil. 

Example 184B 

(+)•( 1 tt.2B.3B.4otH .2-nifN-propvl-N-f M SM -i4-phennxvphenvn-1 - 
PUtvnaminocarbonvl1cvclobutane-3.4-dica rboxvlic acid 

The compund resulting from Example 184A was treated by the 
procedures described in Examples 180F and 180G to give 15 mg of the title 
compound as a white solid. MS (FAB) m/e 763 (M+H)+. 

Example 185 
0 a.2B.3B.4ttl-1 .2-Dif N-propyl-N-M- 

phenoxvbenzvnaminocarbonvlamino 1cvclobutane-3.4-dicarboxvlic arid 

Example 185 
f1«.2B.3fi.4^.1.3.nifNl.prnpyl.M-(4- 

phenoxvbenzvhaminocarbonyla minolcvclobutane-3.4-dicarboxvlic acid 

dibenzvl ester 

To a suspension of 412 mg (1.0 mmol, 1.0 eq.) of the compound 
resulting from Example 123A in 10 mL of CH2CI2 was added 0.18 mL (2.1 
mmol, 1.05 eq.) of oxalyl chloride followed by 1 drop of DMF. The mixture was 
stirred at ambient temperature for 1 hour during which time the evolution of gas 
ceased, and the solid completely dissolved. The solvent was removed under 
reduced pressure, and the yellow solid obtained was dissolved in 5 mL of 
acetone. To this vigorously stirred solution was added 260 mg (4.0 mmol, 4.0 
eq.) of NaN3 and stirring was continued for 2.5 hours. The resulting white 
suspension was filtered and the filter was washed well with acetone. Toluene 
(10 mL) was added to the filtrate, and the acetone was removed on a rotary 
evaporator. The resulting toluene solution was heated in an oil bath for 1 hour 
(30 minutes past the completion of nitrogen evolution) and then cooled to 
ambient temperature. To the yellow solution was added a solution of 598 mg 
(2.5 mmol, 2.5 eq.) of N-propyl-N-(4-phenoxybenzyl)amine in 2 mL of CH 2 CI 2 
and stirring was continued for 1 hour. After concentration of the solvent on a 
rotary evaporator, the residue was purified by column chromatography on 50 g 
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of Si0 2 eluting with 30% ethyl acetate in hexanes to give 51 1 mg (58%) of the 
title compound as a thick syrup. 

Example 1BSB 
( 1 tt.2B.3B.4rri-1 P-nif N-propyl-N-frl. 

phenOXVbenzvnamlnooarbonvlaminn] cvclobutanft.a , 4-dicarhnYYlir ? hh 
To a solution of 495 mg (0.55 mol, 1 eq.) of the compound resulting from 
Example 185A in 4 mL of ethanol under N2 was added 125 mg of 10% Pd/C. 
The resulting black suspension was stirred under a balloon of H 2 for 2 hours 
and filtered through ceilte to remove the catalyst. The filter pad was washed 
with copious amounts of hot methanol, and the filtrate was concentrated. The 
residue was recystallized from hot methanol to give 199 mg (51%) of the title 
compound as a white solid. 1H NMR (300 MHz, DMSO-d 6 ) 8 7.37 (m, 4H), 7.22 
(d, 4H), 7.11 (m, 1H), 6.95 (m, 8H), 6.74 (bs, 1H), 4.72 (bs, 2H), 4.38 (s, 4H), 
3.23 (d, 2H), 3.04 (m, 4H), 1.45 (m, 4H), 0.77 (t, 6H). MS (FAB+) m/e 731 
(M+Na)+, 709 (M+H)+. MS (FAB-) m/e 707 (M-H)\ HRMS: calcdfor 
C40H45N4O8 709.3237. Found: 709.3233. 



Example 1ftfi 
(1a.2B.3B.4nri-1 P-niri M-Dropyl-N-M. 

phenoxvben7vlcarbonvnamino1cvclQbiit a nft- 3 ,4-dicarb Qy ylin 

Example 1RRA 
(1tt,2B,3M(x)-1 . 2-Pi(tert-nutvloxw^ 

acid diben?yl ast<» r 
A mixture of 507 mg (1 .23 mmol) of the compound resulting from 
Example 123A in 10 mL of toluene was treated with 5 mL of oxalyl chloride. 
The mixture was heated to reflux under a nitrogen atmosphere for 0.5 hours. 
Volatiles were removed under reduced pressure to afford a pale yellow oil. 
The oil was dissolved in 5 mL of acetone and treated with 0.168 g (2.58 mmol) 
of sodium azide in 1 mL of water. A precipitate formed immediately. After 2 
hours the mixture was filtered, and the filtrate was concentrated under reduced 
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pressure while keeping the solution cool. The oil was dissolved in 30 mL of 
toluene, and the solution was heated to 60 °C until bubble formation ceased 
(-2 hours). Approximately half of the toluene was removed under vacuum, 1 .0 
mL of t-butanol and 20 mg of CuCI were added, and the solution was warmed 

5 to 70 °C for 6 hours under an atmosphere of nitrogen. All volatiles were then 
removed under reduced pressure to afford a white solid. Purification by flash 
column chromatography on silica gel eluting with 2:1 hexane-ethyl acetate 
afforded the title compound as a white powder (250 mg, 37 %). 1 H NMR 
(CDCI 3 ) 8 1.38 (s, 18H), 3.45-3.52 (m, 2H), 4.52-4.63 (m, 2H), 5.14 (s, 4H), 

10 5.21-5.34 (m, 2H), 7.34 (b.s., 12H). 

Example 186B 

na.2B.3p.4«)-1. 2-DifN-allvl-N-tert-butyloxycarbonvlaminolcvclobutane-3.4- 

dicarboxvlic acid dibenzvl ester 

15 A solution of 200 mg (0.361 mmol) of the compound resulting from 

Example 186A in 8 mL of anhydrous dimethylformamide was cooled to 0 °C 
under an atmosphere of nitrogen. The solution was treated sequentially with 
127 mg (0.758 mmol) of allyl iodide and 18.2 mg (0.758 mmol) of sodium 
hydride. The reaction mixture was allowed to slowly warm to ambient 

20 temperature. After 3 days the solution was quenched with 10 mL of water. The 
aqueous mixture was extracted with ethyl acetate, the combined extracts were 
dried (MgSCU), and all volatiles were removed under reduced pressure. The 
resulting oil was purified by flash column chromatography on silica gereluting 
with 2:1 hexane-ethyl acetate affording 110 mg (48.1%) of the desired product. 

25 1 H NMR (CDCI3) 6 1 .40 (s, 1 8H), 3.2-3.4 (m, 2H), 3.7-4.0 (m, 2H), 4.5-4.7 <m, 
2H), 4.9-5.3 (m, 10H), 5.6-5.9 (m, 2H), 7.2-7.4 (m, 10H). MS (FAB)+ m/e 673 
(M+K)+. 

Example 186C 

30 ( 1 tx.2ft.3ft.4rt>-1 ,2-Dif N-allvl-N-(4-phenoxvben?vlca rbonyhamino1cvclobutane- 

3.4-dicarboxylic acidd dibenzyl ester 
A solution of 1 10 mg (0.174 mmol) of the compound resulting from 
Example 186B in 10 mL of methylene chloride was cooled to 0 °C under an 
atmosphere of nitrogen, whereupon 1 mL of trifluoroacetic acid was added. 
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After 10 minutes, all volatiles were removed under reduced pressure, leaving 
75.5 mg (1 00%) of (1 a,2p,3p,4a)-1 ,2-di(N-allylamino)cyclobutane-3,4- 
dicarboxylic acid dibenzyl ester as a semisolid. 

The crude amine from above was dissolved in 10 mL of anhydrous 

5 tetrahydrofuran, to which was added 87.3 mg (0.382 mmol) of 4- 

phenoxyphenylacetic acid, 80.8 mg (0.421 mmol) 1-(3-dimethylaminopropyl)- 
3-ethylcarbodiimide • HCI, 56.8 mg (0.421 mmol) of 1-hydroxybenzotriazole 
hydrate, and 128 mg (1.26 mmol) of triethylamine. The mixture was stirred 
under an atmosphere of nitrogen for 3 days. A 50 mL portion of water was 

0 added, and the mixture was extracted with three 50 mL portions of ethyl 
acetate. The combined extracts were dried (MgS0 4 ), and all volatiles were 
removed under reduced pressure affording an oil. Purification of the oil by 
flash column chromatography on silica gel eluting with 2:1 hexane-ethyl 
acetate afforded 46 mg (31%) of the title compound as a clear colorless oil 

! 'H NMR (CDCI 3 ) 5 3.2-3.4 (m, 2H), 3.5-3.7 (m, 4H), 3.9-4.1 (m, 2H), 4.5-4.6 (m, 
2H), 4.9-5.3 (m, 10H), 5.6-5.9 (m, 2H), 6.8-7.2 (m, 14H), 7.2-7.4 (m, 14H). 

Example IflfiD 
( 1 a.2B.3B.4rri-1 P-n ifN.pr0r.yl-Ni.f 4. 

phenoxvbenzvlcarbonvnaminolr yclobutana-a 4-dicarbnYvlin arj H 
A solution of 46 mg (0.054 mmol) of the compound resulting from 
Example 186C with 40 mg of 10% palladium on carbon was covered with 20 
mL of ethyl acetate. The flask was flushed with nitrogen and the flask was filled 
with hydrogen. The mixture was stirred vigorously for 48 hours. The mixture 
was filtered, and the solvent was removed under reduced pressure, affording 
an oil. Purification by flash column chromatography on silica gel eluting with 
18:1:1 etn y' acetate-formic acid-water afforded 6 mg (16%) of the title 
compound. 1H NMR (CDCI3) 8 0.7-1 .0 (m, 6H), 1.1-1.6 (m, 4H), 3.2-3.4 (m, 
4H), 3.5-3.8 (m, 4H), 4.0-4.2 (m, 2H), 4.8-5.0 (m, 2H), 6.8-7.4 (m, 18H). MS 
(FAB+) m/e 679 (M+H) + . 
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Example 187 
(1fl^B l 3B,4«)-1,2-PirN-{(g$)-g-(4- 

phenoxvphenvl^Dentanovlamino1cvclobutane-3.4-dic arboxylic acid 
A solution of 100 mg (0.180 mmol) of the compound resulting 
5 fromExample 186A in 5 mL of methylene chloride under an atmosphere of 
nitrogen was treated with 1.0 mL of trifluoroacetic acid. After 3 hours all 
volatiles were removed under reduced pressure. Concurrently, a solution of 
(2S)-2-(4-phenoxyphenyl)pentanoic acid in 5 mL of methylene chloride was 
treated with 1 .0 mL of oxalyl chloride. After 3 hours all volatiles were removed 

10 under reduced pressure. The products from the two reactions were combined 
in 5 mL of anhydrous dimethylformamide, to which was added 100 \iL (0.719 
mmol) of triethylamine. After 3 days, water was added, and the mixture was 
extracted with ethyl acetate. The combined extracts were dried (MgSCXO, 
filtered, and all volatiles were removed under reduced pressure, affording 154 

15 mg of (1 a,2p,3p,4a)-1 ,2-di[N-{(2S)-2-(4- 

phenoxyphenyl)pentanoylamino]cyclobutane-3,4-dicarboxylic acid dibenzyl 
ester (100%) as a solid. 

This crude ester (154 mg, 0.180 mmol) was dissolved in .10 mL of 
ethanol to which was added 40 mg of 10% palladium on carbon. An 

20 atmosphere of hydrogen was introduced, and the mixture was stirred 
vigorously for 20 hours. The mixture was filtered, and all volatiles were 
removed under reduced pressure, affording an oil. Purification by flash column 
chromatrgraphy on silica gel eluting with 180:1:1 ethyl acetate-formic acid* 
water afforded 40 mg (33%) of the title compound. 1 H NMR (CDCI3) 5 0.8-1 .0 

25 (m, 6H), 1.2-1.4 (m, 4H), 1.6-1.8 (m, 2H), 1.9-2.1 (m, 2H), 3.2-3.5 (m, 2H), 3.5- 
3.6 (m, 2H) f 6.7-6.9 (m, 2H), 6.9-7.4 (m, 18H). MS (FAB+) m/e 679 (M+H) + . 
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Example 1BR 

f1a.2B.3B.4a)-1.2-DirN-DroDvl-N-r 4.Dhenoxyb6nzynaminocarbonvn-4-rN. 
hvdroxv-N-trifluoroacetvlaminom ethvncyclobutane-3-carboxvlic aniri 

Example 188A 

Pensyl (1ffi,2P.3B,4g)-1.2-PirN-ProPVl-N-r4-nhenoxvb e n ? vl] a m lnocarb Q nvl].A- 
hvdroxvmethvl-cvclobutanB- 3-camoxvlatft 
The compound described in Example 123B was converted to the 
monoacld by the method of Example 95, and that monoacid was converted to 
the title compound by the method of Example 70A. MS (DCI/NH 3 ) m/e 755 
(M+H)+. 

Example 1RRR 

PenZVl (1 tt.2B.3B.4aH ■2-DirN-proDvl-NI.f 4 -Dhenoxvben7vnaminocarhr.nylH- 
fN-benzvloxv-N-trifluoroacetylami nomethyl)cyclobutane-3-carboxylate 
To a solution of diethyl azodicarboxylate (0.037 mL, 41 mg, 0.23 mmol) 
dissolved in THF (1 mL) and cooled to -8 °C was added triphenyl phosphine 
(61 mg, 0.23 mmol) in THF (0.6 mL) dropwise. After 10 minutes, the compound 
resulting from Example 188A (1 17 mg, 0.15 mmol) in THF (1 mL) was added 
dropwise. After 30 minutes, (N-benzyloxy)trifluoroacetamide (42 mg, 0.19 
mmol) in THF (0.4 mL) was added dropwise, the cooling bath was removed, 
and the reaction was allowed to stir at room temperature for 36 hours. The 
reaction was partitioned between EtOAc and water. The organic layer was 
washed with brine, dried over Na 2 S04, and concentrated in vacuo. The 
residue was purified by chromatography eluting with 3:1 hexane-ethyl acetate 
to give the title compound (49 mg, 33%). MS (FAB+) (M+H)+ 956. 

Example 1B8C 

(1Ct,2B , 3B,4c!c)-1,2-PirN-Pr0PVl-N-f4-phenoxvbenzvham i nocarbony»V4-(M. 
hVdroxv-N-trifluoroacetvlaminomethvl) cvclobutane-3-carboxylin ariH 
Using the compound resulting from Example 188B, the title compound 
was prepared by the method of Example 74B, except 1:1 EtOAc-EtOH was 
used for the solvent. ^H NMR (DMSO-d 6 ) 6 7.39, 7.28, 7.15, 7.00 6.93 (all m, 
total 18H), 4.80, 4.60, 4.42 (all m, total 4H), 4.20, 4.00 (both m, total 4H), 3.60- 
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2.90 (envelope, 5H), 2.70 (m, 1H), 1.50, (m, 4H), 0.83, 0.77 (both m, total 6H). 
MS (FAB-) (M-H)- 774. Anal cald for C42H44F3N 3 0 8 - 0.65 H 2 0: C, 64.06), H, 
5.80), N, 5.34. Found: C, 64.02), H, 5.43), N, 5.09. 

5 Example 189 

M-Ma.2B.3B.4a^1.2-DirN-DroDvl-N-f4-Dhenoxvbenzvhamino carbonyll-3- 
(methoxvcarbonvncvclobutane-4-carboxvlic acid 
The resultant acid from Example 37 (10.97 g, 16.16 mmol) in 
dichloromethane is treated with an excess of an ether solution of diazomethane. 
10 The solvent is evaporated, and the residue is dissolved in a mixture of 

tetrahydrofuran (135 mL) and methanol (20 ml_) and cooled to -10 °C. A cold 
solution of LiOH monohydrate (680 mg, 16.2 mmol) in water (45 mL) is added, 
and the reaction is stirred at -10 to 0 °C for 3 hours and then is placed in a -20 
°C freezer overnight. The reaction is quenched with 2 M HCI and concentrated. 
15 The residue is dissolved in ethyl acetate, washed with brine, dried over NaaSCU 
and evaporated. Chromatography of the residue on silica gel with 2-4% 
methanol in chloroform affords the title compound. 



Example 190 

20 (1tt.2B.3B.4a)-1.2-DirN-propvl-N-f4-DhenoxvbenzvnaminocarbonylH- 

formylcyclobutane-3-carboxy|ip acid 



Example 190A 

Methvl 0 a.2B.3B.4aM .2-dirN-proPVl-N-f4-phenoxvbenzvnaminocarbonyH-4- 
25 hvdroxvmethvl-cvclobutane-3-carboxylate 

To a stirred solution of (1a,2b,3p,4a)-1,2-di[N-propyl-N-(4- 
phenoxybenzy)]aminocarbonyl]cyclobutane-3,4-dicarboxylic acid mono methyl 
ester (0.562 g, 0.81 mmol, 1.0 eq.) in 12 mL of dry THF at -20 °C was added 
0.098 mL (0.89 mmol, 1.1 eq.) of N-methylmorpholine followed by 0.115 mL 
30 (0.89 mmol, 1.1 eq.) of isobutylchloroformate. After stirring for 30 minutes, a 
cold (-20 °C) suspension of 0.184 g (4.86 mmol, 3 eq.) of NaBHU in 1 mL of 
CH3OH was carefully added and the mixture stirred for 30 minutes more. The 
reaction was quenched by the careful addition of 2 mL of 3 M aqueous HCI and 
then poured into 50 mL of cold 3 1± aqueous HCI and extracted with 3 x 50 mL of 
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ethyl acetate. The combined organic extracts were washed with 50 mL of 
saturated aqueous NaHC0 3 solution, dried (MgS0 4 ), filtered and concentrated. 
The residue was purified by flash column chromatography on Si0 2 (40 g) 
eluting with 1 :1 ethyl acetate-hexanes to give 0.507 g (92%) of the title 
compound as a colorless foam. 1H NMR (CDCI 3 ) 5 6.84 - 7.35 (m, 18H), 2.68 - 
5.02 (m, 18H), 1.41 - 1.72 (m, 4H), 0.73 - 0.97 (m, 6H). MS (DCI) m/e 679 
(M+H)+. 



Example 1 ADR 

Methyl (1 tt,2fl,3B.4(xV1 ■?-dirN-Dro P vl.NI-r4-p h enoxvb R n7 U l) a mino Ca rbnnylH- 

formvlcyclnhnta ne-3-carhoyylflte 
To a stirred solution of 0.339 g (0.5 mmol, 1 .0 eq.) of the compound 
resulting from Example 190A in 5 mL of 10% acetonitrile in CH 2 CI 2 at room 
temperature was added 0.088 g (0.75 mmol. 1.5 eq.) of N-methylmorpholine-N- 
oxide followed by 0.50 g of powdered, activated 4A molecular sieves. After 
stirring 15 minutes at room temperature, TPAP (0.009 g, 0.025 mmol, 0.05 eq) 
was added, and the resulting black mixture was stirred for an additional 30 
minutes. The reaction mixture was treated with ~ 1 g of celite and then diluted 
with 5 mL of ether. After 10 minutes further stirring, the mixture was filtered 
through a 1.5 x 1" pad of Si0 2 (pre-wetted with ether). The pad was washed 
well with ether (-200 mL) and the filtrate concentrated. The green residue was 
purified by column chromatography on Si0 2 (25 g) eluting with 1:1 ethyl 
acetate-hexanes to give 0.269 g (80%) of the title compound as a thick Syrup 
1H NMR (CDCI3) 8 9.69 - 9.76 (m, 1 H), 6.89 - 7.38 (m, 18H), 4.09 - 4.87 (m, 5H), 
3.48 - 4.03 (m, 6H), 2.41 - 3.47 (m, 4H), 1 .42 - 1 .67 (m, 4H), 0.76 - 0.98 (m, 6H) 
MS (DCI) 677 (M+H)+. 
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Example 19QC 

Ma.2p.3p.4a^-1.2-DifN-proDvl-N-r4-D henoxybenzyhaminocarbonyl1-4- 
formvlcvclobutane-3-carboxvlic acid 
To a solution of 22 mg (0.52 mmol) of LiOH • H2O in 2 mL of 1:1 THF-H 2 0 
5 cooled to 0 °C was added a solution of the the compound resulting from 
Example 190B (178 mg, 0.26 mmol) in 2 mL of THF dropwise. After stirring at 
0 °C for 2 hours, the mixture was treated with 5 mL of 3 N aqueous HCI. The 
phases were separated, and the aqueous, phase was extracted with 3 x 10 mL 
of ethyl acetate. The combined organic phases were dried over MgS04, filtered 
10 and concentrated. The residue was iyophilized to give 152 mg (88%) of the title 
compound as a fluffy solid. 1 H NMR (CDCI3) 8 9.72 (t, 1H), 6.84 - 7.38 (m, 18H), 
3.89 - 4.73 (m, 6H), 2.80 - 3.84 (m, 6H), 1.55 (m, 4H), 0,86 (m, 6H). MS (FAB+): 
663 (M+H+, 30%); 479 (18%); 240 (19%); 183 (100%). MS (FAB-): 661 (M-H, 
80%); 305 (20%); 199 (18%); 168 (48%); 153 (100%). Anal calcd for 
15 C40H42N2O7: C, 72.49; H, 6.39; N, 4.23. Found: C, 71.67; H, 6.39; N, 4.23. 

Example 191 
fcHJ a.2p.3B.4(xM .2-Dif N-proDvl-N-f (4- 
phenoxv^benzyl1aminocarbonyl)cvclobutane- 3.4-diacetic acid 
20 The first EtOH filtrate from Example 129A was concentrated, acidified, 

and treated with two equivalents of (+)-norephedrine. The resultant crystals 
were recrystallized and acidified using the procedure described in Example 
129A to give the (-)-diacid. 

The diacid was converted to the title compound by the methods 
25 described in Examples 128B, 103A.123C.123B (using the amine descibed in 
Example 3), and 103B. The resultant foam was dissolved in CH3CN, water was 
added, then after freezing and lyophilizing, the title compound was recovered as 
a white solid. ""H NMR (DMSO-d 6 ) 6 7.38 (m, 4H), 7.25 (m, 5H). 7.13 (m, 2H), 
6.95 (m, 7H), 4.63 (m, 2H), 4.20 (m, 2H), 3.90 (m, 2H), 3.50 (m, 2H), 2.97 (m, 
30 1 H), 2.77-2.22 (envelope, 7H), 1 .50 (m, 4H), 0.83,0.77 (both m, total 6H). MS 
(FAB+) m/e 707 (M+H)+. Anal cald for C42H46N2O8 • 2.0 H 2 0: C, 67.91 ; H, 
6.78; N, 3.45. Found: C, 67.56; H, 6.38; N, 3.66. [a] D = -74.0° .(c = 1.17, 
MeOH). 
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Example 192 

f-)-f1cc.26.3B.4a>-1.2-DirN-Dropvl-N-r4-DhenQxvbe n2vnaminonarbonvl]-3-rfi.r)yft. 
4.5-dihvdro-[1. 3.41-oxadia2ol-2-ylmethyl^cvclobtJtane-4-ac6tin ariri 
The compound described in Example 191 was converted to the title 
compound by the methods described in Examples 172A, 165A, 165B, and 
164D. The title compound was obtained as a lyophilized powder. 1 H NMR 
(DMSO-d 6 ) 8 7.39, 7.24, 7.13, 6.96 (all m, total 18H), 4.70 (m, 2H), 4.22 (m, 2H), 
4.00 (m, 2H), 3.50, 3.30, (both m, total 4H), 3.00 (m, 1 H), 2.63 (m, 2H), 2.40, 
2.35, 2.16 (all m, total 3H), 1.50, (m, 4H), 0.83, 0.77 (both m, total 6H). MS 
(FAB+) m/e 747 (M+H)+. Anal cald for C43H46N4O8 • 0.5 H 2 0: C, 68.33; H, 
6.27; N, 7.41. Found: C, 68.27; H, 6.18; N, 7.36. [a] D = -98.0° (c =1.15, MeOH). 

Example 193 

(-)-(1ff.2R,3R.4a)-1.2-DirN-DroDvl.N^4-p henoxvbftn7ynaminocarhonvll-3.4-dirs- 
QXO-4,5-dihvdro-ri.3.41-oxadia70l-2-vlmethvhn v C | 0 butane 
The compound resulting from Example 191 was converted to the title 
compound by the methods described in Examples 165A and 165B, except 1:1 
hexane-EtOAc, followed by 95:5 CHCI 3 -MeOH was used for the 
chromatography. 1H NMR (DMSO-d 6 ) 8 7.39, 7.24, 7.13, 6.96 (all m, total 18H), 
4.70 (m, 2H), 4.22 (m, 2H), 4.08 (m, 2H), 3.50, 3.30, (both m, total 4H), 3.00 (m, 
1H), 2.80-2.40 (envelope, total 5H), 1.45, (m, 4H), 0.83, 0.77 (both m, total 6H). 
MS (FAB+) m/e 787 (M+H)+. Anal cald for C44H46N6O8: C, 67.16; H, 5.89; N, 
10.68. Found: C, 66.99; H, 6.09; N, 10.62. [<x] D = -1 1 1.9° (c = 0.895, MeOH). 

Example 194 
(-U 1 tt.2fi.3R.4«A-1 .9.n» f N-cvclopentyl-N-rfA. 

Phenoxv>benzvnaminocarbQ nv»cvclobtitane-3.4-dianBtin g ipiri 
The diacid that was described in the first paragraph of Example 191 was 
converted to the title compound by the methods described in Examples 128B, 
103A, 123C, 123B (using the amine descibed in Example 49), and 103B. The 
resultant foam was dissolved in CH3CN, water was added, then after freezing 
and lyophilizing, the title compound was recovered as a white solid. 1 H NMR 
(DMSO-de) 8 7.38 (m, 4H), 7.25 (m, 6H), 6.93 (m,8H), 4.50, 4.22, 4.05, 3.70 (all 
m, total 8H), 2.65, 2.50, 2.30 (all m, total 6H), 1.82 1.50 (both m, total 16H). MS 



WO 96/34850 



-239- 



PCT/US96/06156 



(FAB+) m/e 759 (M+H)+. Anal cald for C46H50N2O8 • 0.7 H 2 0: C, 71.61 ; H, 
6.73; N, 3.63. Found: C,71.64;H, 6.66; N, 3.47. [a]o = -40.8° (c = 0.855, 
MeOH). 

5 Example 195 

f-)-f1a.2B.3B.4aV1.2-DirN-cvcloDentvl-N-r4-pheno xvbenzvnaminocarbonyl1-3- 
(5-oxo-4.5-dihvdro-n.3.41-oxadia2ol-2-vlmethvncvclobutan e-4-acetic acid 
The compound described in Example 194 was converted to the title 
compound by the methods described in Examples 172A, 165 A, 165B, and 
10 164D. The title compound was obtained as a lyophilized powder. 1 H NMR 500 
MHz (DMSO-d 6 ) 8 7.38, 7.20, 7.15, 7.10, 6.96, 6.88 (all m, total 18H), 4.60-4.10, 
3.86, 3.80, 3.73 (envelope, m, m, m, total 8H), 2.70, 2.55, 2.30 (all m, total 6H), 
1.82 1.55 (both m, total 16H). MS (DCI/NH3) m/e 799 (M+H)+. Anal cald for 
C47H50N4O8 • 0.5 H 2 0: C, 69.87; H, 6.36; N, 6.93. Found: C, 69.76; H, 6.22; N, 
1 5 6.77. [cc]d = -60.7° (c = 1 . 1 65, MeOH). 

Example 196 

(-)-(1a.2B.3B.4(x)-1.2-DirN-cvclopentvl-N-f4-Dhenoxvbenzvnamin ocarbonyn-3.4- 

diacetic acid 3-methyl ester 

20 The compound resulting from Example 194 was converted to the title 

compound by the method described in Example 172A, then converted to the 
methyl ester using trimethylsilyldiazomethane and hydrogenolyzed as 
described in Example 164D. The title compound was obtained as a lyophilized 
powder. 1H NMR (DMSO-d 6 ) 8 7.38, 7.20, 7.15, 7.10, 6.96, 6.88 (all m, total 

25 1 8H), 4.60-4.1 0, 3.75 (envelope, m, total 8H), 3.58, 3.56, 3.54, 3.52 (all s, total 
3H), 2.70-2.25 (envelope, 6H), 1.82 1.60 (both m, total 16H). MS (FAB+) m/e 
773 (M+H)+. Anal cald for C47H52N2O8 • 0.25 H 2 0: C, 72.61 ; H, 6.81 ; N, 3.60. 
Found: C, 72.34; H, 6.83; N, 3.48. [cc] D = -49.5° (c = 0.95, MeOH). 
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Examples lQ7.fl<!7 
The following compounds can be prepared according to the methods 
described in the previous examples, particularly Examples 149 and 163. 
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Example? 348-379 
The following compounds can be prepared according to the methods 
described in the previous examples, particularly Examples 131, 132, 133 and 
134. 



Ex* No. Name 

348 (1a,2p,3p,4a)-1,2-Di[N-(R)-a-ethylbenzyl-N-(4- 
phenoxyphenyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 

349 (1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-ethylbenzyl-N-(4- 
phenoxyphenyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 

350 (1 a,2p,3p,4ot)-1 ,2-Di[N-(R)-a-propyl-(4- 
phenoxybenzyl)aminocarbonyl]cyclobutane- 3,4- 
dicarboxylic acid 

351 (1a,2p,3p f 4a)-1 ,2-Di[N-(S)-a-propyl-(4- 
phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid 

352 (1a,2p,3p f 4a)-1 ,2-Di[N-propyl-N-(R)-a-propyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 

353 (1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(S)-a-propyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxyiic acid 

354 (1 a^p^Ma)-! ,2-Di[N-benzyl-N-(R)-a-propyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 

355 (1 a,2p,3p f 4a)-1 ,2-Di[N-benzyl-N-(S)-a-propy!-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 
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Ex. No. Name 

356 (1<x,2p,3p,4a)-1,2-Di[N-(cyclopropylmethyl)-N-(R)-a- 
propyl-(4-phenoxybenzyl)- aminocarbonyljcyclobutane- 
3,4-dicarboxylic acid 

357 (1 <x,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(S)-a- 

propyl-(4-phenoxybenzyl)-aminocarbonyl]cyclobutane- 
3,4-dicarboxylic acid 

358 (1 a,2p,3p,4a)-1 ,2-Di[N-(R)-a-ethyl-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid 

359 (1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-ethyl-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid 

360 (1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(R)-a-ethyl-N-(4- 

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxyiic acid 

361 (1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(S)-a-ethyl-N-(4- 

phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 

362 (1 a,2p,3p,4a)-1 ,2-Di[N-benzyl-N-(R)-a-ethyl-N-(4- 

phenoxybenzyl)aminocarbonyi]-cyclobutane-3,4- 
dicarboxyiic acid 

363 (1 a,2p,3p,4a)-1 ,2-Di[N-benzyl-N-(S)-a-ethyl-N-(4- 

phenoxybenzyl)aminocarbonyl]-cyclobutane-3 f 4- 
dicarboxyiic acid 

364 (1 a,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(R)-a- 
ethyl-(4-phenoxybenzyl)- aminocarbonyl]cyclobutane- 
3,4-dicarboxylic acid 
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Ex. No. Name 

365 (1 a > 2p,3p l 4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(S)-a- 
ethyl-(4-phenoxybenzyl)-aminocarbonyl]cyclobutane- 
3,4-dicarboxylic acid 

366 (1 a,2p,3p f 4a)-1 , 2-Di[N-(R)-a-methyl-(4- 
phenoxybenzylJaminocarbonyll-cyclobutane-S^- 
dicarboxylic acid 

367 (1 tx,2p,3P,4a)-1 f 2-Di[N-(S)-a-methyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxyiic acid 

368 (1 a,2P,3P,4a)-1 ,2-Di[N-propyl-N-(R)-a-methyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxylic acid 

369 (1 cx f 2p,3P,4a)-1 , 2-Di[N-propyl-N-(S)-a-methyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3 t 4- 
dicarboxylic acid 

370 (1 a,2p,3p,4a)-1 f 2-Di[N-benzyl-N-(R)-a-methyl-(4- 
phenoxybenzy)aminocarbonyl]-cydobutane-3,4- 
dicarboxylic acid 

371 (1 a,2P,3p,4a)-1 ,2-Di[N-benzyl-N-(S)-a-methyl-(4- 
phenoxybenzyl)aminocarbonyl]-cyclobutane-3,4- 
dicarboxyiic acid 

372 (1 a,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyl)-N-(R)-a- 
methyl-(4-phenoxybenzyl)-aminocarbonyl]cyclobutane- 
3,4-dicarboxylic acid 

373 (1a l 2p l 3p,4a)-Di[N-(cyclopropylmethyI)-N-(S)-a-methyl- 
(4-phenoxybenzyl)-aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid 

374 (1a l 2p j 2p t 4a)-1 l 2-Di[N-(R)-a-(cyclopropylmethyl)-(4- 
phenoxybenzyl)amino-carbonyl]cyclobutane-3,4- 
dicarboxylic acid 
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Ex. No. Name 

375 (1 a,2p,3p,4a)-1 ,2-Di[N-(S)-a-(cyclopropylmethyl)-(4- 

phenoxybenzyl)amino-carbonyl]cyclobutane-3,4- 
dicarboxylic acid 

376 (1 a,23,3p,4a)-1 ,2-Di[N-benzyl-N-(R)-a- 
(cyclopropylmethyl)-(4-phenoxybenzyl)- 
aminocarbonyl]cyclobutane-3,4-dicarboxylic acid 

377 (1 a,2p,3p,4a)-1 ,2-Di[N-benzyl-N-(S)-a- 

(cyclopropylmethyl)-(4-phenoxybenzyl)- 
aminocarbonyl]cyclobutane-3,4-dicarboxylic acid 

378 (1 a,20,3p,4cc)-1 ,2-Di[N-(cyclopropylmethyl)-N-(R)-a- 
(cyclopropylmethyl)-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid 

379 (1 a,2p,3p,4a)-1 ,2-Di[N-(cyclopropylmethyi)-N-(S)-a- 
(cyclopropylmethyl)-(4- 

phenoxybenzyl)aminocarbonyl]cyclobutane-3,4- 
dicarboxylic acid 
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Inhibition of Squalene Synthetase 
In vitro inhibition of squalene synthetase may be measured by the 
following procedure. 

Rat liver microsomal squalene synthetase activity was measured using 

5 famesyl pyrophosphate as a substrate and quantitating squalene synthesis 
using labelled famesyl pyrophosphate and counting the squalene formed. 

Rat liver microsome, the source of enzyme, was prepared according to 
the method of Gillies, P. J., et al., Exp. Mole. Pathol. 44: 329-339 (1986), a 
modification of the procedure of Erickson, S. K., and Cooper, A. D., Metabolism, 

10 29: 991-996 (1980). Approximately 30 \ig of microsomal protein was incubated 
for 10 minutes at 37 °C with 5-11 junol of 3 H-farnesyl pyrophosphate, 49 
mCi/mmol, and at least three concentrations of test compound in the presence 
of squalene (2 \iL) (Mg^, KF, reduced B-nicotinamide adenine dinucleotide 
phosphate, dithiothreitol, and K2PO4, pH 7.35, in a total volume of 200 pL. 

15 Oxygen was excluded from the closed incubation tube by degassing with 
nitrogen. The reaction was terminated by the addition of ethanolic KOH and 
after degassing with N2, the microsomal membranes were solubilized by 
heating at 60 °C for 30 minutes. The squalene was extracted into hexane, and 
the squalene was separated from all other radioactive molecules by passage 

20 over an activated alumina column. The solution was collected in scintillation 
vials, evaporated to dryness, liquid scintillation fluid was added, and the 
radioactivity was determined in a liquid scintillation counter. The per cent 
inhibition at a dose of 10 jiM (or 1 pM) compared to controls with no test 
compound was determined. The % inhibition values for the compounds of the 

25 invention are shown in Table 1. The data show that compounds of the invention 
are inhibitors of squalene synthetase. 
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Table 1 

In vitro Inhibit ion of Squalene Synthetase 



Ex. No. % Inhibition at Ex. No. % Inhibition at 
10M-M 10 nM 
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Ex.No. % Inhibition at Ex. No. % Inhibition at 
10 nM 10 MM 
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ln vivo Inhibition of Cholesterol Synthesis 
Monkeys, Cynomolgus, 2 males and 2 females per group, Controls: 3.7- 
6.1 Kg body weight, Dosed animals: 4.8-5.6 Kg body weight) were fasted 
overnight and bled in the morning. Plasma samples were prepared and 

5 analyzed for total cholesterol, HDL-cholesterol and triglycerides. The trealed 
animals were dosed with the product of Example 17, 20 mg/kg, po, while control 
monkeys were dosed with vehicle containing 0.2% Methocel 
(hydroxypropylmethyl cellulose) in water. Dosing was continued daily for a total 
of 5 days. Prior to the last dose the animals were fasted overnight and bled 

10 after dosing but before feeding. Plasma samples (anticoagulated with EDTA) 
were prepared and analyzed as before. One-sample t-tests were calculated to 
test for significant change within a group across the experiment. Total plasma 
cholesterol was lowered an average of 15.5% in the monkeys that received the 
product of Example 17. 

15 

inhibition pf Protein Fampgyltransferase 
In vitro inhibition of protein farnesyltransferase can be measured by the 
following procedure. (Procedures for determination of the inhibition of 
famesylation of the oncogene protein Ras are described by Goldstein, et al., J. 
20 Biol. Chem., 266:15575-15578 (1991) and by Singh in United States patent No. 
5245061.) 

Rat brain protein farnesyltransferase activity was measured using, the 
biotin-lamin substrate (which is known to undergo famesylation in a manner 
analogous to Ras protein) and radioactive famesyl diphosphate provided by 

25 Amersham Life Science in their commercial scintillation proximity assay kit for 
the determination of farnesyltransferase. Alternatively, rat brain protein 
farnesyltransferase activity was measured using an Amersham Life Science 
commercial scintillation proximity assay kit and substituting a biotin-K Ras B 
fragment (biotin-Lys-Lys-Ser-Lys-Thr-Lys-Cys-Val-lle-Met-C02H), 0.1 final 

30 concentration, for the biotin-lamin substrate provided by Amersham. The 
enzyme was purified according to Reiss, Y., et al., Cell, 62: 81-88 (1990), 
utilizing steps one through three. The specific activity of the enzyme used is 
approximately 10 nmol substrate farnesylated/mg enzyme/hour. The percent 
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inhibition of the farnesylation caused by the compounds of the invention (at 1 x 
10' 5 M) compared to an uninhibited control sample was evaluated in the same 
Amersham test system. 

5 

The compounds of the present invention can be used in the form of salts 
derived from inorganic or organic acids. These salts include but are not limited 
to the following: acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, 

10 digluconate, cyclopentanepropionate, dodecylsulfate, ethanesulfonate, 
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, 
fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxy- 
ethanesulfonate, lactate, maleate, methanesulfonate, nicotinate, 2- 
naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3- 

15 phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, 
p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing 
groups can be quatemized with such agents as loweralkyl halides (such as 
methyl, ethyl, propyl, and butyl chloride, bromides, and iodides), dialkyl sulfates 
like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides such as 

20 decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides, aralkyl 

halides like benzyl and phenethyl bromides, and others. Water or oil-soluble or 
dispersible products are thereby obtained. 

Examples of acids which may be employed to form pharmaceutically 
acceptable acid addition salts include such inorganic acids as hydrochloric 

25 acid, sulphuric acid and phosphoric acid and such organic acids as oxalic acid, 
maleic acid, succinic acid and citric acid. Basic addition salts can be prepared 
in situ during the final isolation and purification of the compounds of formula (I), 
or separately by reacting the carboxylic acid function with a suitable base such 
as the hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable 

30 metal cation or with ammonia, or an organic primary, secondary or tertiary 

amine. Pharmaceutically acceptable salts include, but are not limited to, cations 
based on the alkali and alkaline earth metals, such as sodium, lithium, 
potassium, calcium, magnesium, aluminum salts and the like, as well as 
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nontoxic ammonium, quaternary ammonium, and amine cations, including, but 
not limited to ammonium, tetramethylammonium, tetraethylammonium, 
methylamine, dimethylamine, trimethylamine, triethylamine, ethylamine, and the 
like. Other representative organic amines useful for the formation of base 
5 addition salts include diethylamine, ethylenediamine, ethanolamine, 
diethanolamine, piperazine and the like. 

The compounds of the invention are useful (in humans and other 
mammals) for inhibiting squalene synthase. The compounds of the invention 
are also useful for inhibiting cholesterol biosynthesis. The compounds of the 
10 invention are also useful for treating atherosclerosis and inhibiting progression 
of atherosclerosis. The compounds of the invention are also useful for treating 
hypertipidemia. The compounds of the invention are also useful for treating 
fungal infections. 

The compounds of the invention are also useful for treating acne in 
15 humans. Methods to demonstrate this activity, appropriate doses and means of 
administration are disclosed in PCT patent application WO 94/22870, published 
October 13, 1994 which is incorporated herein by reference. 

The ability of the compounds of the invention to inhibit cholesterol 
biosynthesis can be demonstrated in vivo according to the following method. 
20 The in vivo inhibition of cholesterol synthesis can be determined in a monkey 
model in which the monkeys are dosed, fasted overnight and bled in the 
morning. Plasma samples are prepared and analyzed for total cholesterol, 
HDL-cholesterol and triglycerides. 

The ability of the compounds of the invention to treat fungal infections 
25 can be demonstrated according to the method described by S. Shadomy and 
MA Pfaller. 1991. Laboratory Studies with Antifungal Agents: Susceptibility 
Tests and Quantitation in Body Fluids, pp. 1173-1183. In A.Balows, 
WJ.Hausler.Jr., K.LHerrmann, H.lsenberg and H.J.Shadomy, Eds. Manual of 
Clinical Microbiology, 5th Ed. American Society for Microbiology, Washington, 
30 D.C. The antifungal activity of squalene synthase inhibitors has been reported 
by a number of researchers including Dufresne, et al., Tetrahedron 48/47 
10221-10226 (1992) and Dawson, M.J., et al., J. Antibiot. (Tokyo) 45: 639-647 
(1992). 
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The compounds of the invention are useful (in humans and other 
mammals) for inhibiting protein farnesyltransferase and the famesylation of Ras. 
These inhibitors of protein farnesyltransferase are also useful for inhibiting or 
treating cancer in humans and other mammals. Examples of the kinds of 
5 cancers which may be treated or inhibited with the compounds of the invention 
include, but are not limited to, carcinomas, such as lung, colorectal, exocrine 
pancreatic, cervical, esophageal, stomach, and small intestinal; sarcomas, such 
as oesteroma, osteosarcoma, lepoma, liposarcoma, hemanioma, and 
hemangiosarcoma; melanomas, such as amelanotic and melanotic; mixed 
10 types of cancers such as carcinosarcoma, lymphoid tissue type, follicular 
reticulum, cell sarcoma and Hodgkins disease; and leukemias, such as 
myeloid, acute lymphoblastic, chronic lymphocytic, acute myloblastic and 
chronic mylocytic. 

The ability of the compounds of the invention to inhibit or treat carcinoma 

15 can be demonstrated according to the methods referenced below; the 
determination of in vitro and in vivo anti-cancer activity of several different 
classes of compounds is described. Mazerska Z., Woynarowska B., Stefanska 
B., Borowski S., Drugs Exptl. Clin. Res. 13(6): 345-351 (1987). Bissery, MC, 
Guenard F, Guerritte-Voegelein F, Lavelle F., Cancer Res. 5JL: 4845-4852 

20 (1991). Rose W., Anti-cancer Drugs 3: 31 1-321 (1992). Rygaard J, and 
Povlsen CO., Acta Pathol. Microbiol. Scand. 77: 758 (1969). 

These inhibitors of protein farnesyltransferase are also useful for 
preventing restenosis in humans and other mammals. The ability of the 
compounds of the invention to prevent restenosis can be demonstrated 

25 according to the methods described by Kranzhofer, R. et al. Circ. Res. 23: 264- 
268 (1993), Mitsuka, M. etal. Circ. Res. Z3: 269-275 (1993) and Santoian, 
E.C. etal. Circulation S3: 11-14(1993). 

For inhibition of squalene synthetase, the total daily dose administered to 
a host in single or divided doses may be in amounts, for example, from 0.001 to 

30 1 000 mg/kg body weight daily and more preferred from 1 .0 to 30 mg/kg body 
weight daily. Dosage unit compositions may contain such amounts of 
submultiples thereof to make up the daily dose. 
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For use as a chemotherapeutic agent, the total daily dose administered 
to a host in single or divided doses may be in amounts, for example, from 0.01 
to 500 mg/kg body weight daily, preferably in amounts from 0.1 to 20 mg/kg 
body weight daily and more preferably in amounts from 0.5 to 10 mg/kg body 

5 weight daily. Dosage unit compositions may contain such amounts of 
submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier 
materials to produce a single dosage form will vary depending upon the host 
treated and the particular mode of administration. 

10 It will be understood, however, that the specific dose level for any 

particular patient will depend upon a variety of factors including the activity of 
the specific compound employed, the age, body weight, general health, sex, 
diet, time of administration, route of administration, rate of excretion, drug 
combination, and the severity of the particular disease undergoing therapy. 

15 The compounds of the present invention may be administered orally, 

parenterally, sublingually, by inhalation spray, rectally, or topically in dosage 
unit formulations containing conventional nontoxic pharmaceutical^ acceptable 
carriers, adjuvants, and vehicles as desired. Topical administration may also 
involve the use of transdermal administration such as transdermal patches or 

20 iontophoresis devices. The term parenteral as used herein includes 

subcutaneous injections, intravenous, intramuscular, intrasternal injection, or 
infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or 
oleagenous suspensions may be formulated according to the known art using 

25 suitable dispersing or wetting agents and suspending agents. The sterile 

injectable preparation may also be a sterile injectable solution or suspension in 
a nontoxic parenterally acceptable diluent or solvent, for example, as a solution 
in 1 ,3-propanediol. Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution, and isotonic sodium chloride solution. In 

30 addition, sterile, fixed oils are conventionally employed as a solvent or 

suspending medium. For this purpose any bland fixed oil may be employed 
including synthetic mono- or diglycerides. in addition, fatty acids such as oleic 
acid find use in the preparation of injectables. 
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Suppositories for rectal administration of the drug can be prepared by 
mixing the drug with a suitable nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary temperatures but liquid at the 
rectal temperature and will therefore melt in the rectum and release the drug. 
5 Solid dosage forms for oral administration may include capsules, tablets, 

pills, powders, and granules. In such solid dosage forms, the active compound 
may be admixed with at least one inert diluent such as sucrose, lactose, or 
starch. Such dosage forms may also comprise, as is normal practice, additional 
substances other than inert diluents, e.g., lubricating agents such as 

10 magnesium stearate. In the case of capsules, tablets, and pills, the dosage 
forms may also comprise buffering agents. Tablets and pills can additionally be 
prepared with enteric coatings. 

Liquid dosage forms for oral administration may include 
pharmaceutical^ acceptable emulsions, solutions, suspensions, syrups, and 

15 elixirs containing inert diluents commonly used in the art, such as water. Such 
compositions may also comprise adjuvants, such as wetting agents, emulsifying 
and suspending agents, and sweetening, flavoring, and perfuming agents. 

The compounds of the present invention can also be administered in the 
form of liposomes. As is known in the art, liposomes are generally derived from 

20 phospholipids or other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals that are dispersed in an aqueous 
medium. Any non-toxic, physiologically aceptable and metabolizable lipid 
capable of forming liposomes can be used. The present compositions in 
liposome form can contain, in addition to a compound of the present invention, 

25 stabilizers, preservatives, excipients, and the like. The preferred lipids are the 
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. 

Methods to form liposomes are known in the art. See, for example, 
Prescott, Ed., Methods in Cell Biology , Volume XIV, Academic Press, New York, 
N.Y. (1976), p. 33 et seq. 

30 While the compounds of the invention can be administered as the sole 

active pharmaceutical agent, they can also be used in combination with one or 
more other cardiovascular agents independently selected from HMG CoA 
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reductase inhibitors, antihyperlipoproteinemic agents and serum cholesterol 
lowering agents. 

Representative HMG CoA reductase inhibitors include lovastatin, 
pravastatin, velostatin, simvastatin and the like. 
5 Representative antihyperlipoproteinemic agents include probucol and 

the like. 

Representative serum cholesterol lowering agents include Lopid®, 
gemfibrozil), bile acid sequestrants such as cholestyramine, colestipol, 
polidexide, DEAE-Sephadex, clofibrate, nicotinic acid and its derivatives, 

10 neomycin, p-aminosalicylic acid, bezafibrate and the like. 

The above compounds to be employed in combination with the squalene 
synthetase inhibitor of the invention will be used in therapeutic amounts as 
indicated in the Physicians 1 Desk Reference (PDR) 47th Edition (1993), which is 
incorporated herein by reference, or such therapeutically useful amounts as 

15 would be known to one of ordinary skill in the art. 

The compounds of the invention and the other cardiovascular agent can 
be administered at the recommended maximum clinical dosage or at lower 
doses. Dosage levels of the active compounds in the compositions of the 
invention may be varied so as to obtain a desired therapeutic response 

20 depending on the route of administration, severity of the disease and the 
response of the patient. The combination can be administered as separate 
compositions or as a single dosage form containing both agents. 

While the compounds of the invention can be administered as the sole 
active pharmaceutical agent for the inhibition or treatment of cancer, they can 

25 also be used in combination with one or more other chemotherapeutic agents. 

Representative examples of chemotherapeutic agents are described in 
Holleb, et aL, Clinical Oncology . American Cancer Society, United States 
(1991) p 56 et seq. These agents include alkylating agents such as the 
nitrogen mustards (mechloethamine, melphalan, chlorambucil, 

30 cyclophosphamide and if osf amide), nitrosoureas (carmustine, lomustine, 
semustine, streptozocin), alkyl sulfonates (busulfan), triazines (dacarbazine) 
and ethyenimines (thiotepa, hexamethylmelamine); folic acid analogues 
(methotrexate); pyrimidine analogues (5-fluorouracil, cytosine arabinoside); 
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purine analogues (6-mercaptopurine, 6-thioguanine); antitumor antibiotics 
(actinomycin D, the anthracyclines (doxorubicin), bleomycin, mitomycin C, 
methramycin); plant alkaloids such as vinca alkaloids (vincristine, vinblastine) 
and etoposide (VP-16); hormones and hormone antagonists (tamoxifen and 
5 corticosteroids); and miscellaneous agents (cisplatin, taxol, brequinar). 

The above compounds to be employed in combination with the famesyl 
protein transferase inhibitor of the invention will be used in therapeutic amounts 
as indicated in the Physicians' Desk Reference (PDR) 47th Edition (1993), 
which is incorporated herein by reference, or such therapeutically useful 

10 amounts as would be known to one of ordinary skill in the art. 

The compounds of the invention and the other chemotherapeutic agent 
can be administered at the recommended maximum clinical dosage or at lower 
doses. Dosage levels of the active compounds in the compositions of the 
invention may be varied so as to obtain a desired therapeutic response 

15 depending on the route of administration, severity of the disease and the 
response of the patient. 

When administered as a combination, the therapeutic agents can be 
formulated as separate compositions which are given at the same time or 
different times, or the therapeutic agents can be given as a single composition. 

20 The foregoing is merely illustrative of the invention and is not intended to 

limit the invention to the disclosed compounds. Variations and changes which 
are obvious to one skilled in the art are intended to be within the scope and 
nature of the invention which are defined in the appended claims. 
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CIA I M5 

What is claimed is: 

1 . A compound of the formula: 



Ai 



wherein A 1 and A 2 are independently selected from 

10 (1) -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is 

independently selected from (a) a covalent bond, (b) -CH 2 - f 
(c) -0-, (d) -S- and (e) -N(R a )- wherein R a is hydrogen, 

loweralkyl, cycloalkyl or cycloalkylalkyl and at each occurrence 
G is independently selected from -R 2 , -N(R 1 )(R 2 ), -OR 2 and -SR 2 

15 wherein at each occurrence R 1 is independently selected from 

(a) hydrogen, (b) loweralkyl, (c) alkenyl, (d) alkynyl, 
(e) cycloalkyl, (f) cycloalkylalkyl, (g) alkoxycarbonylalkyl, 
(h) alkoxyalkyl, (i) thioalkoxyalkyl, fl) haloalkyl, (k) aryl, 
(I) heterocyclic, (m) arylalkyl, (n) aryl-substituted cycloalkylakyl, 

20 (o) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyl 

and (q) aryl, heterocyclic, arylalkyl, aryl-substituted 
cycloalkylalkyl, (heterocyclic)alkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the 
arylalkyl group, the aryl part of the aryl-substituted 

25 cycloalkylalkyl, the heterocyclic group, the heterocyclic part of 

the (heterocyclic)alkyl group or the heterocyclic part of the 
heterocyclic-substituted cycloalkylalkyl group is substituted 
with -Y-R 3 wherein at each occurrence Y is independently 
selected from (i) a covalent bond, (ii) -C(O)-, (iii) -CH 2 -, (iv) -0-, 

30 (v) -S(0) m - wherein m is 0, 1 or 2, (vi) -N(R 5 )- wherein R b is 
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hydrogen or loweralkyl, (vii) -CH 2 0-, (viii) -CH 2 S(0) m - wherein 
m is 0, 1 or 2, and (ix) -CH 2 N(R b )- wherein R b is hydrogen or 
loweralkyl and at each occurrence R 3 is independently selected 
from (i) aryl, (ii) arylalkyl, 0") cycloalkyl, (iv) cycloalkylalkyl, 

35 (v) heterocyclic and (vi) (heterocyclic)alkyl and at each 

occurrence R 2 is independently selected from 
(i) alkenyl, (ii) alkynyl, (iii) aryl, (iv) arylalkyl, (v) arylalkenyl, 
(vi) heterocyclic, (vii) (heterocyclic)alkyl and (viii) aryl, 
heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl 

40 group, the aryl part of the arylalkyl group, the heterocyclic group 

or the heterocyclic part of the (heterocyclic)alkyl group is 
substituted with -Z-R 4 wherein at each occurrence 2 is 
independently selected from (i) a covalent bond, (ii) -C(O)-, 
(iii) -CH 2 -, (iv) -0-, (v) -S(0) p - wherein p is 0, 1 or 2, (vi) -N(R C )- 

45 wherein R c is hydrogen or loweralkyl, (vii) -CH 2 0-, 

(viii) -CH 2 S(0) p - wherein p is 0, 1 or 2 and (ix) -CH 2 N(R C )- 
wherein R c is hydrogen or loweralkyl and at each occurrence 
R 4 is independently selected from (i) aryl, (ii) arylalkyl, 
(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 

50 (vi) (heterocyclic)alkyl and 

(2) -(CH 2 ) q -N(R 1 (R 2 ) wherein q is 0, 1 or 2 and at each occurrence R 1 

and R 2 are independently defined as above; and 
B-) and B 2 are independently selected from 
(1) -CH 2 OH or -CH 2 CH 2 OH, 

55 (2) -CH=NOH, -CHO or -CH 2 CHO, 

(3) -W-R 5 wherein at each occurrence W is independently 
selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and 
R 5 is independently selected from 

60 (a) 5-tetrazolyl, 

(b) s H 
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(c) 027 wherein R 2 7 is -CN, -N0 2 , or 

-CO2R28 wherein R 2 8 is hydrogen, aryl or 
loweralkyl, 




wherein at each occurrence R29 



is selected from hydrogen and loweralkyl, 




(e) 0 wherein R 2 g is as defined above, 

(f) 0 wherein at each occurrence 
R31 is selected from hydrogen, loweralkyl, 

70 alkenyl, alkoxyalkyl and benzyl, 
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(5) -Q-C(0)Re wherein at each occurrence Q is independently 
selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH 2 ) r - 
wherein r is 0 to 4 and at each occurrence R 6 is 
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(5) -Q-C(0)R 6 wherein at each occurrence Q is independently 

selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH 2 ) r - 
wherein r is 0 to 4 and at each occurrence R 6 is 
independently selected from (a) -OR 7 wherein R 7 is 
hydrogen or a carboxy-protecting group, (b) -NH 2 , 
(c) -NHOH, (d) -NHS0 2 CF 3 (e) an alpha-amino acid or 
a beta-amino acid which is bonded via the alpha- or beta- 
amino group and (f) a di-, tri- or tetra-peptide which is 
bonded via the amino terminal amino group, 

(6) -CH2-N(OH)-C(0)-R 2 5 wherein R 2 5 is hydrogen, methyl or 

trifluoromethyl, and 

(7) -C(0)-NH-S(0)2-R26 wherein R 2 6 is aiyl, heterocyclic, 

arylalkyl, (heterocyclic)alkyl, C3-C 7 -cycloalkyl, 
Ci-Cs-alkyl or pert I uoro-Ci -Chalky I, 



or a pharmaceutically acceptable salt thereof. 

2. A compound as defined by Claim 1 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is 
defined as above and B t and B 2 are independently selected from (a) -W-R 5 
wherein W is a covalent bond or alkylene and R 5 is 5-tetrazolyl or 



95 



5 



o 
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c H 

"*~\-/° 

(b) H0 0 and 

10 (c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected 
from a covalent bond and alkylene and at each occurrence R 6 is 
independently selected from (1) -OR 7 wherein R 7 is hydrogen or a 
carboxy-protecting group, (2) an alpha-amino acid or a beta-amino acid 
which is bonded via the alpha- or beta-amino group and (3) a di-, tri- or 

15 tetra-peptide which is bonded via the amino terminal amino group. 



3. A compound as defined by Claim 1 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(Ri)(R2) 
wherein Ri and R2 are as defined above and B 1 and B 2 are independently 
selected from (a) -W-R5 wherein W is a covalent bond or alkylene and R5 is 5- 
5 tetrazolyl or 



10 



(b) 



t H 



HO 



and 



(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected from a 
covalent bond and alkylene and at each occurrence R 6 is independently 
selected from (1) -OR 7 wherein R 7 is hydrogen or a carboxy-protecting group, 
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(2) an alpha-amino acid or a beta-amino acid which is bonded via the alpha- 
15 or beta-amino group and 

(3) a di-, tri- or tetra-peptide which is bonded via the amino terminal amino 
group. 

4. A compound as defined by Claim 1 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) hydrogen, (b) 
loweralkyl, (c) cycloalkyl, (d) cycloalkylalkyl, 
5 (e) alkoxyalkyl, (f) thioalkoxyalkyl, (g) aryl, (h) heterocyclic, (i) arylalkyl, 
0) (heterocyclic)alkyl, (k) aryl-substituted cycloalkylalkyl, (I) heterocyclic- 
substituted cycloalkylalkyl and (m) aryl, heterocyclic, arylalkyl, 
(heterocyclic)alkyl, aryl-substituted cycloalkylalkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the arylalkyl group, the 

10 aryl part of aryl-substituted cycloalkylalkyl, theheterocyclic group, the 

heterocyclic part of the (heterocyclic)alkyl group or the heterocyclic part of 
heterocyclic-substituted cycloalkylalkyl group is substituted with -Y-R 3 wherein 
at each occurrence Y is independently selected from (i) -0-, 
(ii) -S(0) m - wherein m is 0, 1 or 2 and (iii) -N(R b )- wherein R b is hydrogen or 

15 loweralkyl and at each occurrence R 3 is independently selected from (i) aryl, 

(ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 

(vi) (heterocyclic)alkyl and at each occurrence R 2 is independently selected 
from aryl, heterocyclic, arylalkyl and (heterocyclic)alkyl wherein the aryl group, 
aryl part of the arylalkyl group, heterocyclic group or heterocyclic part of the 
20 (heterocyclic)alkyl group is substituted with -Z-R 4 wherein at each occurrence 
2 is independently selected from (i) -0-, (ii) -S(0) p - wherein p is 0, 1 or 2 and 

(iii) -N(R C )- wherein R c is hydrogen or loweralkyl and at each occurrence R 4 is 
independently selected from (i) aryl, (ii) arylalkyl, 

(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and (vi) (heterocyclic)alkyl 
25 and B 1 and B 2 are independently selected from (a) -W-R 5 wherein W is a 
covalent bond or alkylene and R5 is 5-tetrazolyl or 
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o 





/-V 

o 



(b) 



HO 



and 



(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected 
from a covalent bond and alkylene and at each occurrence R 6 is 
independently selected from (1) -OR 7 wherein R 7 is hydrogen or a 
carboxy-protecting group, (2) an alpha-amino acid or a beta-amino acid 
which is bonded via the alpha- or beta-amino group and (3) a di-, tri- or 
tetra-peptide which is bonded via the amino terminal amino group. 

5. A compound as defined by Claim 1 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R., is independently selected from (a) loweralkyl, 

(b) cycloalkyl and 

(c) cycloalkylalkyl and at each occurrence R 2 is independently selected from 
aryl and arylalkyl wherein the aryl group or aryl part of the arylalkyl group is 
substituted with -Z-R 4 wherein at each occurrence Z is independently selected 
from (i) -O- and (ii) -S- and at each occurrence R 4 is independently selected 
from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, 

(v) heterocyclic and (vi) (heterocyclic)alkyl and B 1 and B 2 are independently 
selected from -Q-C(0)-R 6 , -W-R 5 and 
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wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
protecting group and R 5 is 5-tetrazolyl or 
o 



6. A compound as defined by Claim 1 wherein 
A, and Ag are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) loweralkyl 
(b) cycloalkyl and (c) cycloalkylalkyl and at each occurrence R 2 is 
independently selected from phenyl and benzyl wherein the phenyl group or 
the phenyl ring of the benzyl group is substituted with -2-R 4 wherein at each 
occurrence Z is independently selected from (i) -O- and (ii) -S- and at each 
occurrence R 4 is independently selected from (i) aryl, (ii) arylalkyl (Hi) 
heterocyclic and (iv) (heterocyclic)alkyl and B 1 and B 2 are independently 
selected from -Q-C(0)-R 6 , -W-R 5 and 



HO 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy. 
protecting group and R 5 is 5-tetrazolyl or 
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7. A compound as defined by Claim 1 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) loweralkyl, 
(b) cycloalkyl and (c) cycloalkylalkyl and R 2 is benzyl wherein the phenyl ring 
5 of the benzyl group is substituted with -2-R 4 wherein at each occurrence Z is 
independently selected from (i) -O- and 

(ii) -S- and R 4 is aryl and B 1 and B 2 are independently selected from -Q-C(O)- 
Rq , -W-R 5 and 



10 



t H 



HO 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
15 protecting group and R5 is 5-tetrazolyi or 



o 




8. A compound as defined by Claim 1 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is (a) loweralkyl, (b) cycloalkyl and (c) 
cycloalkylalkyl and R 2 is benzyl wherein the phenyl ring of the benzyl group is 
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substituted with -Z-R 4 wherein at each occurrence Z is independently selected 
from (i) -O- and (ii) -S- and R 4 is heterocyclic and B 1 and B 2 are independently 
selected from -Q-C(0)-R 6 , -W-R 5 and 



10 



c H 



HO 



15 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
protecting group and R5 is 5-tetrazolyl or 



9. The compound as defined by Claim 1of the formula: 

Bl V > Ba 

**A 2 

5 wherein A 1 and A 2 are independently selected from 

(1 ) -X-C(0)-G or -X-C(S)-G wherein at each occurrence X is 

independently selected from (a) a covalent bond, (b) -CH 2 -, 
(c) -0-, (d) -S- and (e) -N(R a )- wherein R a is hydrogen, 

loweralkyl, cycloalkyl or cycloalkylalkyl and at each occurrence 
0 G is independently selected from -R 2 , -N(R 1 )(R 2 ), -OR 2 and -SR 2 

wherein at each occurrence R 1 is independently selected from 
(a) hydrogen, (b) loweralkyl, (c) alkenyl, (d) alkynyl, 
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(e) cycloalkyl, (f) cycloalkylalkyl, (g) alkoxycarbonylalkyl, 

(h) alkoxyalkyl, (i) thioalkoxyalkyl, (j) haloalkyl, (k) aryl, 

(I) heterocyclic, (m) arylalkyl, (n) aryl-substituted cycloalkylakyl, 
(o) (heterocyclic)alkyl, (p) heterocyclic-substituted cycloalkylalkyl 
and (q) aryl, heterocyclic, arylalkyl, aryl-substituted 
cycloalkylalkyl, (heterocyclic)alkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the 
arylalkyl group, the aryl part of the aryl-substituted 
cycloalkylalkyl, the heterocyclic group, the heterocyclic part of 
the (heterocyclic)alkyl group or the heterocyclic part of the 
heterocyclic-substituted cycloalkylalkyl group is substituted 
with -Y-R 3 wherein at each occurrence Y is independently 
selected from (i) a covalent bond, (ii) -C(O)-, (iii) -CH 2 -, (iv) -0-, 
(v) -S(0) m - wherein m is 0, 1 or 2, (vi) -N(R b )- wherein R b is 
hydrogen or loweralkyl, (vii) -CH 2 0-, (viii) -CH 2 S(0) m - wherein 
m is 0, 1 or 2, and (be) -CH 2 N(R b )- wherein R b is hydrogen or 
loweralkyl and at each occurrence R 3 is independently selected 
from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, 

(v) heterocyclic and (vi) (heterocyclic)alkyl and at each 
occurrence R 2 is independently selected from 

(i) alkenyl, (ii) alkynyl, (iii) aryl, (iv) arylalkyl, (v) arylalkenyl, 

(vi) heterocyclic, (vii) (heterocyclic)alkyl and (viii) aryl, 
heterocyclic, arylalkyl or (heterocyclic)alkyl wherein the aryl 
group, the aryl part of the arylalkyl group, the heterocyclic group 
or the heterocyclic part of the (heterocyclic)alkyl group is 
substituted with -Z-R 4 wherein at each occurrence Z is 

independently selected from (i) a covalent bond, (ii) -C(O)-, 

(iii) -CH 2 - f (iv) -0-, (v) -S(0) p - wherein p is 0, 1 or 2, (vi) -N(R C )- 

wherein R c is hydrogen or loweralkyl, (vii) -CH 2 0-, 

(viii) -CH 2 S(0) p - wherein p is 0, 1 or 2 and (ix) -CH 2 N(R C )- 

wherein R c is hydrogen or loweralkyl and at each occurrence 

R 4 is independently selected from (i) aryl, (ii) arylalkyl, 

(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 
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(vi) (heterocyclic)alkyl and 
(2) -(CH 2 ) q -N(R 1 (R 2 ) wherein q is 0, 1 or 2 and at each occurrence R 1 

and R 2 are independently defined as above; and 
B 1 and B 2 are independently selected from 
50 (1) -CH 2 OH or -CH 2 CH 2 OH, 

(2) -CH=NOH, -CHO or -CH 2 CHO, 

(3) -W-R 5 wherein at each occurrence W is independently 

selected from (a) a covalent bond, (b) alkylene, 
(°) alkenylene, (d) -C(0)NH- and (e) -NHC(0)NH- and 
55 R 5 is independently selected from 

(a) 5-tetrazolyl, 



(b) 



NH 



(c) ^ wherein R 2 7 is -CN, -N0 2 , or 
-CO2R28 wherein R 28 is hydrogen, aryl or 

60 loweralkyl, 

( d ) ^ wherein at each occurrence R 29 
is selected from hydrogen and loweralkyl, 

I NH 

(®) 0 wherein R29 is as defined above, 
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65 



70 



R* o 

(f) 0 wherein at each occurrence 

R31 is selected from hydrogen, loweralkyl, 
alkenyl, alkoxyalkyl and benzyl, 



'S H 

o 

A 

o 

o 

A 

^ H 

O 

A 

o 
o 



(g) 



(h) 



0) 



0) 



(k) 



(0 
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and 



(5) -Q-C(0)R 6 wherein at each occurrence Q is independently 

selected from (a) a covalent bond, (b) alkylene, 
(c) alkenylene, (d) -CH(OH)- and (e) -NHC(0)(CH 2 ) r - 
wherein r is 0 to 4 and at each occurrence R 6 is 
independently selected from (a) -OR 7 wherein R 7 is 
hydrogen or a carboxy-protecting group, (b) -NH 2 , 
(c) -NHOH, (d) -NHS0 2 CF 3 (e) an alpha-amino acid or 
a beta-amino acid which is bonded via the alpha- or beta- 
amino group and (f) a di-, tri- or tetra-peptide which is 
bonded via the amino terminal amino group, 

(6) -CH 2 -N(OH)-C(0)-R 2 5 wherein R 25 is hydrogen, methyl or 

trifluoromethyl, and 

(7) -C(0)-NH-S(0) 2 -R 26 wherein R 26 is aiyl, heterocyclic, 

arylalkyl, (heterocyclic)alkyl, C 3 -C7-cycloalkyl, 
Ci-Cs-alkyl or perfluoro-Ci-C4-alkyl, 

or a pharmaceutically acceptable salt thereof. 



1 0. A compound as defined by Claim 9 wherein 
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A 1 and A 2 are independently selected from -C(0)-G wherein G is defined as 
above and B 1 and B 2 are independently selected from (a) -W-R5 wherein W is 
a covalent bond or alkylene and R5 is 5-tetrazolyl or 



o 




(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected 
from a covalent bond and alkylene and at each occurrence R 6 is 
independently selected from (1) -OR 7 wherein R 7 is hydrogen or a 
carboxy-protecting group, (2) an alpha-amino acid or a beta-amino acid 
which is bonded via the alpha- or beta-amino group and (3) a di-, tri- or 
tetra-peptide which is bonded via the amino terminal amino group. 

11. A compound as defined by Claim 9 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R«|)(R 2 ) 
wherein R1 and R2 are as defined above and B 1 and B 2 are independently 
selected from (a) -W-R5 wherein W is a covalent bond or alkylene and R5 is 5- 
tetrazolyl or 
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C H 



( h x HO' O . 

(t>) v and 

(c) -Q-C(0)-R 6 wherein at each occurrence Q is independently selected from a 
covalent bond and alkylene and at each occurrence R 6 is independently 
selected from (1) -OR 7 wherein R 7 is hydrogen or a carboxy-protecting group, 

(2) an alpha-amino acid or a beta-amino acid which is bonded via the alpha-' 
or beta-amino group and 

(3) a di-, tri- or tetra-peptide which is bonded via the amino terminal amino 
group. 

12. A compound as defined by Claim 9 wherein 
^ and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) hydrogen, (b) 
loweralkyl, (c) cycloalkyl, (d) cycloalkylalkyl, 
(e) alkoxyalkyl, (f) thioalkoxyalkyl, (g) aryl, (h) heterocyclic, (i) arylalkyl 
(j) (heterocyclic)alkyl, (k) aryl-substituted cycloalkylalkyl, (I) heterocyclic- 
substituted cycloalkylalkyl and (m) aryl, heterocyclic, arylalkyl, 
(heterocyclic)alkyl, aryl-substituted cycloalkylalkyl or heterocyclic-substituted 
cycloalkylalkyl wherein the aryl group, the aryl part of the arylalkyl group, the 
aryl part of aryl-substituted cycloalkylalkyl. theheterocyclic group, the ' 
heterocyclic part of the (heterocyclic)alkyl group or the heterocyclic part of 
heterocyclic-substituted cycloalkylalkyl group is substituted with -Y-R 3 wherein 
at each occurrence Y is independently selected from (i) -O- 
(ii) -S(0) m - wherein m is 0, 1 or 2 and (iii) -N(R b )- wherein R b is hydrogen or 
loweralkyl and at each occurrence R 3 is independently selected from (i) aryl, 
(ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and 
(vi) (heterocyclic)alkyl and at each occurrence R 2 is independently selected 
from aryl, heterocyclic, arylalkyl and (heterocyclic)alkyl wherein the aryl group, 
aryl part of the arylalkyl group, heterocyclic group or heterocyclic part of the 
(heterocyclic)alkyl group is substituted with -Z-R 4 wherein at each occurrence 
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2 is independently selected from (i) -0-, (ii) -S(0) p - wherein p is 0, 1 or 2 and 
(iii) -N(R C )- wherein R c is hydrogen or loweralkyl and at each occurrence R 4 is 
independently selected from (i) aryl, (ii) arylalkyl, 

(iii) cycloalkyl, (iv) cycloalkylalkyl, (v) heterocyclic and (vi) (heterocyclic)alkyl 
and B 1 and B 2 are independently selected from (a) -W-R 5 wherein W is a 
covalent bond or alkylene and R 5 is 5-tetrazolyl or 



(c) -Q-C(0)-R6 wherein at each occurrence Q is independently selected 
from a covalent bond and alkylene and at each occurrence R 6 is 
independently selected from (1) -OR 7 wherein R 7 is hydrogen or a 
carboxy-protecting group, (2) an alpha-amino acid or a beta-amino acid 
which is bonded via the alpha- or beta-amino group and (3) a di-, tri- or 
tetra-peptide which is bonded via the amino terminal amino group. 

13. A compound as defined by Claim 9 wherein 
A t and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) loweralkyl, 

(b) cycloalkyl and 

(c) cycloalkylalkyl and at each occurrence R 2 is independently selected from 
aryl and arylalkyl wherein the aryl group or aryl part of the arylalkyl group is 
substituted with -Z-R 4 wherein at each occurrence Z is independently selected 
from (i) -0- and (ii) -S- and at each occurrence R 4 is independently selected 
from (i) aryl, (ii) arylalkyl, (iii) cycloalkyl, (iv) cycloalkylalkyl, 




I 



(b) 




and 
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(v) heterocyclic and (vi) (heterocyclic)alkyl and B 1 and B 2 are independently 
selected from -Q-C(0)-R 6 , -W-R 5 and 



15 



20 



10 



c h 



HO 



V 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
protecting group and R5 is 5-tetrazolyl or 



14. A compound as defined by Claim 9 wherein 
Af and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) loweralkyl, 
(b) cycloalkyl and (c) cycloalkylalkyl and at each occurrence R 2 is 

independently selected from phenyl and benzyl wherein the phenyl group or 
the phenyl ring of the benzyl group is substituted with -Z-R 4 wherein at each 
occurrence Z is independently selected from (i) -O- and (ii) -S- and at each 
occurrence R 4 is independently selected from (i) aryl, (ii) arylalkyl, (iii) 
heterocyclic and (iv) (heterocyclic)alkyl and B 1 and B 2 are independently 
selected from -Q-C(0)-R 6 , -W-R 5 and 



HO 
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A 



15 wherein at each occurrence Q and W are independently selected from a 

covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
protecting group and R5 is 5-tetrazolyl or 



T w 



15. A compound as defined by Claim 9 wherein 
A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is independently selected from (a) loweralkyl, 
(b) cycloalkyl and (c) cycloalkylalkyl and R 2 is benzyl wherein the phenyl ring 
of the benzyl group is substituted with -2-R 4 wherein at each occurrence Z is 
independently selected from (i) -O- and 

(ii) -S- and R 4 is aryl and B 1 and B 2 are independently selected from -Q-C(O)- 
R 6 .-W-R 5 and 



10 



c H 



HO 



V 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a carboxy- 
15 protecting group and R5 is 5-tetrazolyl or 



o 




16. A compound as defined by Claim 9 wherein 
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A 1 and A 2 are independently selected from -C(0)-G wherein G is -N(R 1 )(R 2 ) 
wherein at each occurrence R 1 is (a) loweralkyl, (b) cycloalkyl and (c) 
cycloalkylalkyl and R 2 is benzyl wherein the phenyl ring of the benzyl group is 
substituted with -Z-R 4 wherein at each occurrence Z is independently selected 
from (I) -O- and (ii) -S- and R 4 is heterocyclic and B, and B 2 are independently 
selected from -0-0(0)-^ , -W-R 5 and 



.X 



wherein at each occurrence Q and W are independently selected from a 
covalent bond and alkylene, R 6 is -OR 7 wherein R 7 is hydrogen or a camoxy- 
protecting group and R 5 is 5-tetrazolyl or 
o 



1 7. A compound selected from the group consisting of 
(1 cc,2p,3p,4a)-1 ,2-Di(N-benzyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid; 
(1a,2p,3p,4cc)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid; 
(-)-(1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di(N-(2-ethylthioethyl)-N-(4-phenoxybenzyl)- 

aminocarbonyl)cyclobutane-3,4-dicarboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di(N-(cyclopropylmethyl)-N-(4- 

phenoxybenzyl)aminocarbonyl)cyclobutane-3,4- 
dicarboxylic acid; 
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1 a.2p,3p,4a)-1 -(N-Propyl-N-(4-phenoxybenzyl)aminocarbonyl)- 

2- (N-benzyl-N-(4-phenoxybenzyl)aminocarbonyl)- 
cyclobutane-3,4-dicarboxylic acid; 

1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenylthiobenzyl)- 
aminocarbonyl)cyclobutane-3,4-dicarboxylic acid; 

1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 
aminocarbonyl-4-tetrazolylmethyl-cyclobutane-3- 
carboxylic acid; 

1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-4-(3-carboxypropionylamino)cyclobutane- 

3- carboxylic acid; 

1 <x,2p,3P,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-4-(1 -carboxy-1 - 

hydroxymethyl)cyclobutane-3-carboxylic acid ; 
1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)cyclobutane-3-(N-(5- 

tetrazolyl))carboxamide-4-carboxylic acid; 
1 a^p.Sp^aH-^arboxyJmethyl)-! ,2-di(N-propyl-N-(4- 

phenoxybenzyl)aminocarbonyi)cyclobutane-3-carboxylic 
acid; 

1 a,2p,3p,4a)-1 ,2-Di(-N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)cyclobutane-3,4-diacetic acid; 
1 a,2p,3P,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(2-hydroxy-3,4-dioxocyclobut-1- 

enylamino)cyclobutane-4-carboxylic acid; 
1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(5-oxo-4,5-dihydro-(1,3,4)oxadiazol-2- 

yl)cyclobutane-4-carboxylic acid; 
1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(5-oxo-4,5-dihydro-(1,3,4)-oxadiazol-2- 

ylmethyl)cyclobutane-4-acetic acid; 
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(1 a,2p,3p,4a)-1 .2-Di(N-propyl-N-(4-phenoxybenzyl)- 

amrnocarbonyl)-3-(5-tetrazolylmethyl)cyclobutane-4-acetic 
acid; 

(1 cc,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(2-hydroxy-3,4-dioxocyclobut-1- 
enylamino)cyclobutane-4-carboxylic acid; 
(1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(5-oxo-4 l 5-dihydro-(1 I 3,4)oxadiazol-2- 
yl)cyclobutane-4-carboxylic acid; 

(1a,2p,3p,4a)-1,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(5-oxo-4,5-dihydro-(1,3,4)-oxadiazol-2- 
ylmethyl)cyclobutane-4-acetic acid; 
(1 a,2p,3p,4a)-1 ,2-Di(N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl)-3-(5-tetrazolylmethyl)cyclobutane-4-acetic 
acid; 

(-)-(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(methoxycarbonyl)cyclobutane-4- 
carboxylic acid; 

(-)-(1 a,2p,3p,4a)-1 ,2-Di{N-propyl-N-[(4-phenoxy)benzyl]- 

aminocarbonyl}cyclobutane-3,4-diacetic acid; 
(-)-(1 a,2p,3p,4a)-1 ,2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3,4]-oxadiazol-2- 
ylmethyl)cyc!obutane-4-acetic acid; 
(-)-(1 a,2p,3p,4a)-1 ,2-Di{N-cyclopentyl-N-[(4-phenoxy)benzyl]- 
aminocarbonyl}cyclobutane-3,4-diacetic acid; and 
a,2p, 3p,4a)-1 ,2-Di[N-cyclopentyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(5-oxo-4,5-dihydro-[1,3.4]-oxadiazol-2- 
ylmethyl)cyclobutane-4-aceticacid; 
or a pharmaceutically acceptable salt thereof. 

18. (-)-(1a,2p,3p,4a)-1 ) 2-Di[N-propyl-N-(4-phenoxybenzyl)- 

aminocarbonyl]-3-(methoxycarbonyl)cyclobutane-4-carboxylicacid, 
or a pharmaceutically acceptable salt thereof. 
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19. A pharmaceutical composition for inhibiting squalene 
synthetase comprising a therapeutically effective amount of a 
compound according to Claim 1 and a pharmaceutical^ 
acceptable carrier. 

20. A pharmaceutical composition for inhibiting squalene 
synthetase comprising a therapeutically effective amount of a 
compound according to Claim 9 and a pharmaceutical^ 
acceptable carrier. 

21 . A pharmaceutical composition for inhibiting squalene 
synthetase comprising a therapeutically effective amount of a 
compound according to Claim 17 and a pharmaceutical^ 
acceptable carrier. 

22. A method for inhibiting cholesterol biosynthesis in a human 
or lower mammal in need of such treatment comprising 
administering a therapeutically effective amount of a compound 
according to Claim 1. 

23. A method for inhibiting cholesterol biosynthesis in a human 
or lower mammal in need of such treatment comprising 
administering a therapeutically effective amount of a compound 
according to Claim 9. 

24. A method for inhibiting cholesterol biosynthesis in a human 
or lower mammal in need of such treatment comprising 
administering a therapeutically effective amount of a compound 
according to Claim 17. 
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25. A method of treating hyperlipidaemia or atherosclerosis 
comprising administering to a mammal in need of such treatment 
a therapeutically effective amount of a compound as defined by 
Claim 1. 

26. A method of treating hyperlipidaemia or atherosclerosis 
comprising administering to a mammal in need of such treatment 
a therapeutically effective amount of a compound as defined by 
Claim 9. 

27. A method of treating hyperlipidaemia or atherosclerosis 
comprising administering to a mammal in need of such treatment 
a therapeutically effective amount of a compound as defined by 
Claim 17. 

28. A method of treating a fungal infection comprising 
administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound as defined by 
Claim 1. 

29. A method of treating a fungal infection comprising 
administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound as defined by 
Claim 9. 

30. A method of treating a fungal infection comprising 
administering to a mammal in need of such treatment a 
therapeutically effective amount of a compound as defined by 
Claim 17. 
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